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\mong the principal clinical alterations noted during the onset of 
acute infections, the chill plays a notable part. By this term is desig- 
nated a number of phenomena, the most obvious being the muscle 
tremor and the actual sensory perception of cold by the patient. 

he association of the chill with the invasion of the blood stream 
by bacteria has been so well established ever since the work of Schott- 
muller’ that we feel justified in accepting the clinical phenomenon as 
evidence of blood invasion during an infectious disease. This acceptance 
vi the facet of invasion by no means gives an explanation of the ultimate 
mechanism involved. 

Schottmuller found that the mere presence of bacteria in the blood 
did not cause a chill. The chill takes place some time after the invasion 
(irom thirty to ninety minutes, depending on the number and type of 
organism and also on the person involved ) Krom the time of 
invasion to the time of the chill, the number of culturable organisms 
rapidly diminishes. The chill takes place when the organisms have made 
contact with the body cells or when the products of the bacteria have 
made such contact. 

\Vhen one examines the skin of a patient in a chill, pallor, pilomotor 
stimulation, a transient expression of sweat from the sweat glands, 
together with lowered temperature of the skin are to be observed. This 
is perceived by the patient and gives the sensory stimulus. The capil- 
laries and the arterioles are contracted. The muscle tremor varies from 
one hardly perceptible to one of great intensity. The question that 
arises when one considers this picture is whether these predominantly 
vascular peripheral phenomena are due to the direct effect of the bacteria 
or the toxic agent or whether one is dealing with an effect that primarily 
involves some other organ or organ group and only secondarily brings 
about manifestations at the periphery. In previous papers, we * have 
i *From the Department of Pathology, University of Illinois College of 
Medicine. 


1. Schottmiller, H.: Mtinchen. med. Wehnschr. 58:2051, 1911. 
2. Miller, E. F., and Petersen, W. F.: Klin. Wehnschr. 5:52 and 137, 1926. 
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pigments both in the patient and in experimental animals. Such an ani- 
mal experiment is shown in dog 85 (chart 1). Jaffe * has recently shown 
that during the chill the reticulo-endothelium of the liver takes out fat 
from the circulation of the blood in one half the time normally required. 

The increase in permeability of the capillaries and cells of the liver 
associated with this increase in activity is made evident in the more rapid 
passage of injected hemoglobin from the blood stream to the lymph 
during shock, as well as the fact that bile pigment enters the lymph 
stream.* 

For the intestine, Arnold and King ® have demonstrated that one of 
the first symptoms of shock (before a fall in blood pressure takes place ) 
is a tremendous increase in the flow of secretion into the lumen. For 
three splanchnic organs, the stomach, intestines and liver, one has then 
the right to assume greatly increased metabolic activity and production 
of heat. 

But why should the toxic agent (the bacteria in this case) cause an 
increase in the function of the splanchnic area and a decrease in the 
function of the peripheral organs?’ For the obvious reason that ever) 
foreign body (formed and probably unformed) is promptly taken out 
of the circulation by the splanchnic reticulo-endothelium and there con- 
centrated. This results in an immediate stimulation of this system of 
cells—a stimulation transmitted to their immediate neighbors, the organs 
of the region (liver, spleen, intestine, etc.). The splanchnic region is 
fixed in a parasympathetic state. The periphery is fixed sympatheticall\ 
with diminished function. The direction of the orientation is_ still 
normal ; only the intensity has been altered, and because of the intensity, 
minor regulatory fluctuations are no longer apparent. Fever now results 
because the increased heat produced in the splanchnic area cannot be 
dissipated by a periphery which is in a state of arrest. The phenomena 
at the periphery, which are so obviously striking, are merely secondary 
in character. 

With this concept in mind, we can understand the vicious circle 
under which the splanchnic region particularly labors. The organ that 
is functioning at an augmented rate is much more permeable than a 
resting organ. The splanchnic region will therefore be selectively injured 
to a greater extent by further toxic material than will the rest of the body. 
Pathologically, the effects of this are seen in the parenchymal injury 
grossly apparent in every patient who has died from an acute infection 
or intoxication. 

It is chiefly the reaction of the liver with which we are concerned 
when bacteriemia takes place. The peripheral reaction which has given 


7. Jaffe, R. H.: Personal communication to the author. 
8. Petersen, W. F., and Levinson, S. A.: J. Immunol. 8:349, 1923. 
9. King, C. E., and Arnold, Lloyd: Am. J. Physiol. 59:97, 1922. 
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Chart 1—Effect of two intravenous injections of B. coli (14 slant) on gastric 
secretion and bile flow with relation to chill. Normal dog with duodenal fistula. 
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the entire phenomenon its ‘name is merely the expression of the vegeta- 
tive compensation vital to the organism in preserving its functional 
equilibrium, It is a maximal, unidirectional fixation of a tonus normally 
labile. 

We should not omit from these introductory remarks a brief con- 
sideration of the so-called thermoregulatory center of the midbrain, and 
its importance for the splanchnoperipheral equilibrium. We know that 
the periphery and the splanchnic area are antagonistically oriented under 
normal conditions and that this condition prevails as long as the vegeta- 
tive nerve tracts are intact. We have shown’® that the most trivial 
stimulation of either of the organ systems is followed by antagonistic 
reactions of the other group (distribution of leukocytes, analysis of the 
lymph, etc.). We know, too, that minor cellular stimulation (irradia- 
tion of the skin, digestive activity of the gastro-intestinal tract) will 
bring about changes in this regulatory mechanism. Temperature and 
sugar puncture into the midbrain bring about disturbances antagonistic 
In orientation in the two major regions, just as well as the bacteriemia 
that produces the chill. 

Whether a direct effect of bacteria or bacterial products directly 
affects nerve elements of a temperature *! center cannot be determined 
clinically. We do know, however, that pronounced stimulation of either 
the splanchnic or the peripheral region will lead to changes in the 
balance, comparable, even if not so intense, as if toxic substances have 
actually been injected into the blood stream. The intensity of the effect 
in the antagonistic group of organs will depend on the intensity of the 
operative stimulus. It is at least probable that with intense stimulation 
of the skin one can exclude the direct effect of toxic substances on the 
temperature center. The effects of emotion in at least affecting the 
stability of the reactions are not to be excluded from consideration. 

Every alteration of the cellular activity of an organ, if sufficiently 
intensive, produces alteration in the vegetative nervous system. How- 
ever, it seems improbable, as the response is always similar and as thie 
intensity of the response varies only with the stimulus, that in one instance 
vegetative reorientation will depend on a direct effect of the agent (bac- 
teria or toxic products) on a presumptive thermoregulatory center, while 
in another instance (physiologic activity-digestion, etc.) it is mediated 
remotely and indirectly wholly through impulses that travel via the 
nervous system. 

That impulses reach some regulatory center, wherever it may be 
located, seems probable. Whether such a “center” is pictured as a 


10. Petersen and von Oettingen, W. F.: Arch. f. exper. Path. u. Pharmakol. 
123:160, 1927. 

11. The discussion by Toenneissen is perhaps as complete as might be desired. 
In Miller, L. R.: Die Lebensnerven, ed. 2, Berlin, 1924, p. 471. 
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nucleus in the midbrain, or is regarded as an inherent and widely dif- 
iused property of the vegetative nervous system with its functioning 
dependent only on undisturbed continuity of the entire system, is imma- 
rial. It is only of moment to keep in mind that if an alteration in the 
nee can be initiated by a stimuli originating in some part of the 
‘m (during which entrance of bacteria and intoxicating products 
the blood stream can be excluded), then presumably such an altera- 
{ the balance can occur even when bacteria are circulating in the 
| stream. This is the more likely, since it is known that they may 
culating for some time without effect and may only produce the 
mena of chill and fever when they have been engulfed, not in the 

| nervous system but in the liver and splanchnic area. 


MUSCLE TREMOR 

stated in the beginning, the muscle tremor occupies the center of 
| interest, for with its sudden onset it overshadows all associated 
iena. The interpretation of this reaction and the relation to other 
phenomena involved offers so many difficulties that a clinical 

~is may seem justified. 
‘muscle rigor is independent of volition. It does not depend on 
il innervation. This fact itself is of the utmost importance. The 
- persists when the motor nerves have been severed. The tremor 
be inhibited by will even with intact innervation. Involuntarily 
ed by some agent closely associated with the underlying noxious 
ce, it represents a muscle reaction differing greatly from the normal. 
i¢ tremor is furthermore characterized clinically by another phe- 
menon, namely, that it is practically inexhaustible in duration and 
Even the cachectic and exhausted patient will react in his 


twentieth chill with the same intensity and vigor and will have as severe 


tremor hour after hour as at the onset of the infection. Indeed, we 
know from clinical experience that a fatal sepsis will be characterized 
by chills in which the terminal severity of the reaction is augmented in 
duration and intensity. True, the chill and rigor are associated with 
a feeling 
continues throughout its course and may actually seem lessened to the 
patient after cessation of the tremor. This occurs despite the actual 
feeling of lassitude after the chill has passed. It is of importance to 
keep in mind that no diminution in the intensity of the reaction takes 
place despite the feeling of fatigue. We shall show later that actually 
a lowering of muscular power takes place during the rigor. Perhaps 
even the rigor associated with the application of external cold 
should be considered here. The effect of intense cold on the untrained 
skin is associated with so-called “goose-flesh,” a contraction of the 


of fatigue which, however, begins at the onset of the tremor, 
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arterioles and capillaries, a lowering of the cellular permeability and a 
diminution in the elimination of heat and water from the skin. The tremor, 
too, is involuntary, is not associated with effects of objective fatigue 
and is to be regarded as a reaction to a definite and unusual stimulus. 
But the tremor is readily overcome when voluntary motor impulses 
supervene, and thereby differs from the chill of an infection. This 
might indicate that the fundamental alteration which takes place with 
muscle tremor on external application of cold may be similar in char- 
acter to that which takes place during the chill of infection, the differ- 
ence being in the intensity of the process rather than in its character. 

We must take into consideration the peculiar tremor of the exoph- 
thalmic patient, the tremor of fatigue and the tremor following 
injections of epinephrine. In all these cases, the movement of the mus- 
cles is involuntary; in the exophthalmic case it is often initiated or 
intensified by voluntary motion, but not under voluntary control. It 
may be present for long periods of time. Here, too, it is practically not 
subject to fatigue, despite the fact that it is associated with the sensation 
of fatigue on the part of the patient and even with evidence of actual 
muscular weakness. We have merely brought these conditions into 
discussions to illustrate the fact that while such muscular tremor does 
not occur normally, related phenomena on the part of the voluntary 
muscles are by no means unknown in pathologic conditions not due to 
infection. 

The two most pronounced muscular phenomena during a chill are 
first, the tremor, and second, the diminution in functional capacity. \WVe 
must examine these two phenomena in order to arrive at some conclu- 
sion as to what the phenomenon involves. The matter of functional 
capacity will be examined first. If a muscle is contracted by voluntary 
impulse the bundles are shortened, and with it there is found an increase 
in metabolic activity, with increase in size of the individual elements and 
increased permeability. Autonomically, an increase in the size of the 
capillary bed that supplies the muscle group takes place. It is of 
importance to keep in mind the experiments of Weizsacher ** and Hill, 
which have demonstrated that the increase in metabolism takes place 
after the contraction. If the tremor of a chill is simulated voluntarily 
in the muscle, one can clinically demonstrate an increase in volume, in 
temperature and in vascularization. In the extremity under observa- 
tion one can furthermore determine first an imperceptible, later an 
apparent, increase in the secretion of sweat, as evidence of the partici- 
pation of the skin in the vegetative reorientation. In other words, one 
deals with a coordinated and paralleling functional increase of tissue 
activity both centrally and vegetatively controlled. 


12. Weizsacher, V.: J. Physiol. 48:396, 1914. 


} 
f 
i 
> 
: 
3 
| 


PETERSEN-MULLER—SPLANCHNOPERIPHERAL BALANCE 583 


If the patient is now asked during a chill to execute some voluntary 
movement, he will usually respond that it is impossible for him to do so; 
if he does, there is a total absence of increase in volume, there is no 
increase in warmth, no circulatory response, and no secretion of sweat. 
\ll of this merely indicates that under such conditions the normal vege- 
tative responses have been totally suppressed despite the intact voluntary 
nervous connections. 

(hese normal vegetative reactions which occur simultaneously with 
the onset of voluntary nervous stimuli are probably truly autonomous, 
originating locally as reflexes. They are not wholly dependent on the 
motor innervation nor on the connection with higher vegetative centers. 
ven after the sympathetic connections are severed, they remain intact. 

(Clinically, these characteristic alterations in muscle functions during 
a chill are well known. If one has the opportunity to observe a young, 
previously healthy adult who is suddenly seized with a chill, one is 
struck with the prompt loss of muscular strength. Strong workmen 
an hardly lift a light weight ; even locomotion is attended with difficulty. 
lis is the crucial difference between the feeling of loss of power which 
is umediately incident to the onset of a chill and which persists during 
its duration, and the fatigue which becomes apparent after long con- 
tinued normal muscular effort. The muscle in rigor becomes functionally 
disabled along with the feeling of fatigue. This status is immediately 
initiated with the onset of the tremor. Despite the feeling of fatigue and 
actual diminution in power, the tremor persists for hours without diminu- 
tion. The normally working muscle fatigues to a degree commensurate 
with the degree and duration of the work performed. 

‘he conclusion is reached that loss of muscular power during chill 
does not depend on fatigue as such, but on an inhibition of the normal 
vegetative correlation ; that is, on the ability of the vascular bed to dilate. 
This inhibition is due to impulses which persist during the period of the 
chill. 

This change in the reactivity of the skeletal musculature during chill, 
evident in its loss of functional power, is indicative of a_ transient 
“sympathetic” inhibitory effect. 


The experiments of Cannon have made it probable that with the 
onset of an insult such as that offered by the continuous injection of 
bacteria, epinephrine is promptly augmented in the circulation ™ as it is, 
too, with chilling and with work (Hartman, and Hartman, Waite and 
Polwee '*) and possibly in exophthalmic goiter—all closely related in 
their form of muscular tremor. 


13. Cannon, W. B.: Bodily Changes in Pain, New York, 1915. 
14. Hartman, F. A., and Hartman, W. B.: Am. J. Physiol. 65:61 
Hartman, F. A.; Waite, R. H., and Powell, E. F.: Am. J. Physiol. 60:255 


1923. 
1922. 
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In this connection, we cannot avoid a brief discussion of the present 
status of the rdle of the sympathetic nerves on skeletal muscle. It has 
been established anatomically that sympathetic fibers are plentifully 
supplied to the muscles but that their function is undetermined. ‘The 
work of Hunter and Royle *® took the interest from the academic field 
to that of the clinic, and clinical failure led to the assumption that the 
sympathetic function was negligible. Indeed, the recent work of Porter * 
and Ransom and Hinsey '* might lend support to such a view. On the 


other hand we cannot discount much evidence to the contrary. Thus 
19 


18 


Freudenberg 
existing alkalosis the injection of epinephrine will bring about the onset 


and Brehme and Popoviciu’s '® observations that in an 
of tetany (with or without the exclusion of the motor innervation) 
would make a peripheral effect of the epinephrine probable. 

Undoubtedly, the work of Orbeli, reviewed recently by Brucke *° 
as well as by Fulton,?* is convincing in character. Orbeli has shown 
that sympathetic stimulation definitely increases the tone of fatigued 
muscle. In ischemic tetanized muscle, sympathetic stimulation not only 
increased the tone but delayed the fatigue effects which were normally 
apparent. The effect of the increased tonus so produced probably 
overcompensates any negative inotropic effects due to a concomitant 
vasoconstriction, such as would be implied in Wastl’s experiments.’ 
Fulton, in his review, considers it “desirable simply to recognize that the 
sympathetic system does influence the action of the skeletal muscle.” 

Additional evidence has recently been presented by Hartman.* 
When observing skeletal muscle directly under the microscope, he 
found that small doses of epinephrine were followed by vascular dilata- 
tion and larger doses, by constriction of the arterioles and venules of 
the muscle tissue. A distinct change in the field of observation was 
noted in that with epinephrine the whole field became brighter, while 
with narcosis the reverse was observed. In addition, a distinct trans- 
verse tremor of the muscle was noted, which was present even after the 
motor nerves were cut. 

Associated is the change in the type of reaction of the muscle which 
also speaks for a reaction differing from the normal. If we ask a 
patient during the bacterial chill to execute a complex voluntary move- 


15. Hunter, J. I., and Royle, N. D.: Surg. Gynec. Obst. $9:701 and 721, 1924. 
16. Porter, E. L.: Am. J. Physiol. 78:495, 1926. 

17. Ransom, S. W., and Hinsey, J. C.: J. Comp. Neurol. 42:69, 1926. 

18. Freudenberg, E.: Klin. Wehnschr. 6:634, 1927. 

19. Brehme, T., and Popoviciu, G.: Ztschr. f. d. ges. exper. Med. 52:579, 1926. 
20. Brucke, E. T.: Klin. Wcehnschr. 6:703, 1927. 

21. Fulton, J. F.: Muscular Contraction, Baltimore, Williams & Wilkins, 1926. 
22. Wastl, H.: J. Physiol. 60:109, 1925. 

23. Hartman, F. A.: Am. Physiol. Soc., Rochester, N. Y., 1927. 
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ment, the tremor persists despite the superimposed central impulse (as 
it does, too, with the tremor of fatigue, chill and exophthalmic goiter ) 
Voluntary impulse and involuntary tremor probably are based on two 
wholly different phenomena if they can so exist side by side. 

In the tremor accompanying external cold, voluntary movements 
rapidly terminate the involuntary tremor, giving further evidence that 
voluntary motion and involuntary tremor rest on a different basis and 

t differently on the muscle. The fact that here a sufficiently powerful 
intary impulse will suppress the involuntary tremor would indicate 
ly a difference in degree rather than in fundamental cause. 

‘rom purely clinical reasoning, it seems probable that the tremor of 

chill is associated with unusual autonomic or chemical conditions, 

e or less antagonistic to the ordinary voluntary movement, and that 

epresents not muscle function in the usual sense but merely a different 

-of the muscle. The fact that such a muscle does not increase in 

, does not become fatigued and does not become warm during the 

rse of the movement is further evidence in the same direction. 

Obviously, we might seek to explain the peculiar tremor on the basis 

' aclonus. With vasoconstriction, we may assume an increase in acid 

tabolites and with it an increase in the threshold of excitability and a 

inution in the size of the action current of the individual fiber. We 

w that the sense of fatigue is an immediate accompaniment of the 

cterial chill. Presumably, the increase in acid metabolites may affect 

‘ motor endplate; more probably, it may affect the reaction of the 

uscle fiber itself, such a fatigued fiber acting more slowly and develop- 
ing much less tension than a normal fiber.** 

(he vasoconstriction and the lowering of the temperature may 
involve a change in the excitability of the proprioceptive nerve endings, 
resulting in a typical clonic response in a muscle under increased tonus 
when synchronous proprioceptive stimuli may be operative. 

\s a matter of fact, the trembling muscle gives little or no evidence 
of what is commonly accepted as muscular work. The quivering is 
actually clonic in character and is not ordinary muscular contraction. 
Older theories of the regulation of temperature accepted this tremor and 
muscular work as equivalent, but one must not be blinded to the 
probability that wholly different phenomena may be present. 

The fact that the chill following the external application of cold 
begins involuntarily and cannot be voluntarily suppressed brings up a 
related condition in which the voluntary muscle is also “out of bounds,” 
if we may use that expression. Such a condition occurs in deep hypno- 
sis, and the work of von Grafe *° and others shows that the muscular 


. Fulton (footnote 21, p. 195). 
5. Von Grafe, E.: Deutsche Ztschr. f. Nervenh. 79:359, 1923. 
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metabolism sinks on such functional deletion of impulses, the active 
current is diminished and the muscle may even assume a cataleptic 
rigidity. 

Such rigidity represents shortening without consumption of energy, 
l.e., a state similar to that studied by Noyons and von Uexkuell, which 
they termed “muscle blockade. As this would lead too far afield and 
is not essential for the problem at hand, we shall not enter further into 


99-96 


the theoretical side of the question. 

Even when we are dealing with tonically contracting muscle, there 
may be actual evidence of diminished metabolic processes (galvano- 
metric determinations Foix and Thevenard,** Lewy,** Golla ** and 
\Wertheim-Solomonson *"). These observers reach the conclusion that 
in muscular contraction one must distinguish two mechanisms, the one 
a fixation without increase in metabolism, the other the common volun- 
tary muscular contraction. The first mechanism presumably would 
involve the sarcoplasm, which Roberts *! assumes may contract with 
great efficiency, i.e., without extensive production of heat. 

Clinically, it is of importance to know that (1) we may have a con 
dition of muscular shortening independent of voluntary control, during 
which the muscular metabolism is diminished. This state, which is 
seen in cateleptic rigidity, represents a condition during which the 
muscle gets along with less than the normal metabolic exchange.’ 
(2) At the opposite extreme is the voluntary functioning muscle, with 
increased metabolism, in which the increase in metabolic processes pre 
sumably takes place between individual contractions of individual fibers 
The vegetative activity (vasodilatation) increases and diminishes wit! 
increase or decrease in function. (3) The resting state described by 
Meverhoff represents muscle respiration in the normal condition between 
these two extremes. 

In the rigor we seem to deal with skeletal muscle which differs on 
the one hand from the permanent cataleptic shortening and on the othe: 
from normal muscular contraction. There is reason to believe that there 
is increased tonus due to sympathetic stimulation (central and periph 


26. Noyons and von Uexkuell: Ztschr. f. Biol. 56:139, 1911. 

27. Foix, C., and Thevenard, A.: J. de physiol. et de path. gén. 23:332, 1925 

28. Lewy, F. H.: Die Lehre vom Tonus und des Bewegung, Berlin, Julius 
Springer, 1923. 

29. Golla, F. L.: Lancet 2:115, 1921. 

30. Wertheim-Solomonson, J. K. A.: Brain 43:369, 1920. 

31. Roberts, F.: Brain $9:297, 1916. 

32. Janet Clark’s recently reported experiment might offer another explanation 
of long continued muscular shortening without work: Crystal Fiber Diffraction 
Patterns from Relaxed and Contracted Muscles, meeting of the Am. Physiol 
Soc., Rochester, N. Y., 1927. 
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(hart 2—Comparison of muscle and rectal temperatures during bacterial chill 
(effect on peripheral leukocyte count and gastric secretion included). In this 
experiment as in others of the series, normal dogs were used without general 
anesthesia. Local anesthesia was used as required. Continuous injection of a 
suspension of B. coli (1 slant to 500 cc. saline solution) was made intravenously 
with the Woodyatt pump. It will be noted that during the time of the chill the 
muscle temperature drops and remains lower than during the control period for two 
hours, while the rectal temperature has increased 2.5 F. A considerable increase 
in volume of gastric juice was noted, and galvanometric titration, according to 
the method of Unger (Arch. f. Verdauungskr. 37:), with the electrode in the 
intact stomach indicated a great increase in gastric acidity. 
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eral) and that an intense constriction of the arterioles and capillaries 
takes place with a.resulting accumulation of metabolites. These may put 
the individual fiber into the status of fatigue with great reduction of 
the tensile effort. They probably change the threshold of propriocep- 
tive stimuli, and by summation and synchronism, the muscle fibers not 
being shortened, an actual clonus may supervene. There is experimental 
reason to believe that this need not be associated with increased meta- 
bolic activity. 

Certainly, autonomic effects become apparent which seemingly are 
diametrically opposite to those usually associated with working muscle. 
In the cataleptic state, previously latent sympathetic forces, normally 
overshadowed by voluntary control, are suddenly dominant; in the rigor, 
the previously normal autonomic apparatus is suddenly augmented so 


that the apparent phenomena may overbalance powerful voluntary 


impulses and dominate the picture. The rigor is not a permanent con- 
traction, such as is found in the cateleptic state, but is a relatively slow 
and incoordinated shortening of individual fibers. In the cateleptic 
person, we have no longer voluntary impulse but autonomic fixation or 
blockade, with unchanging status. The rigor offers a different picture. 
Motor impulses are still possible, but the sympathetic fixation is so 
great that the normal vegetative reflexes which would normally bring 
about coincident vasodilatation are held in abeyance. 


EXPERIMENTS 

These clinical considerations seemed to us sufficiently attractive to 
invite investigation in animals, as the direct measurement of actual pro- 
duction of local heat in the muscles is not readily carried out in the 
patient. For our purpose we have made use of simple methods using 
unanesthetized normal dogs as experimental animals and reproducing 
the clinical picture as far as possible by a continuous injection of small 
amounts of suspensions of living B. coli (approximately 4 or 5 million 
organisms per cubic centimeter, and injecting approximately 1 ce. per 
minute with the Woodyatt pump. Muscle and rectal temperature were 
recorded both by means of accurate clinical thermometers as well as by 
delicate electrical thermocupples. In addition, observations of the lymph 
were made together with constant leukocyte counts, control of blood 
chemistry, ete. 

By means of such injections a close approximation to the normal 
human chill can be obtained. This is initiated about thirty minutes 
after the onset of the injection and may persist for varying periods of 
time. In every experiment in which a demonstrable chill was to be 
observed, no increase in muscle temperature was found, despite a sharp 
increase in rectal temperature during the same interval of time. Com- 
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Chart 3.—Comparison of muscle and rectal temperatures during bacterial chill. 
Continuous injection of B. coli, with graph illustrating the effects on the lymph 
volume, sugar and protein and the carbon dioxide combining power, urine volume 
and leukocyte count. These reactions are typical of the results in experiments 
of this character. It will be noted that each time a perceptible muscular chill 
was observed, the muscle temperature was diminished, while the rectal tempera- 
ture increased without marked retardation. 
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parable increase was noted in the liver, although this temperature was 
usually higher than that of the rectum. Frequently, an actual diminu- 
tion in muscle temperature takes place during the time of the rigor, 
while the rectal temperature increases. As Du Bois has shown, this 
occurs when there is actually no increase in the rate of the peripheral 


heat loss. 


Only at the end of the chill, and usually when a coincident increase 


in the peripheral leukocytes would indicate some vasodilatation in the 


periphery, will an abrupt increase in temperature of the muscles be 


observed. We can only conclude that during rigor, with shortening of 


the muscle, no increase in the production of heat takes place. .\nd ii, 


despite an increase in the temperature of the rest of the body, delay 


occurs in the warming of the muscles, it can be due only to a fixation of 


the autonomic status in the muscle which prevents the dilatation of the 


capillaries and the arterioles. 


This seems analogous to the state that is found in the skin. The fact 


that the capillaries of the skin bleed poorly during a chill is readily 


observed. The lack of the heat inflow to the muscles takes origin in 


the same phenomenon that prevents bleeding from the patient in the 


cataleptic or the hypnotic state when pricked by a needle. Just as thi 


hypnotic patient bleeds from the needle wound after the release ©! 


the suggestion, so the muscles, after the rigor, are rapidly warmed to the 


temperature of the internal organs. 


COM MENT 


Ikvery phenomenon in the disease picture represents merely onc 
phase of the deviation from the normal and should be considered, there- 


fore, merely as a single stone in the larger mosaic. It might seem 


permissible, therefore, to discuss the phenomenon of chill in its relation 


to the changes in other organs. 


During chill, we are dealing with an organism in which a profound 


alteration of large groups of organs has taken place autonomically ; that 


is, irrespective of the type of causative agent, the chill expresses tre- 


mendous functional stimulation of the splanchnic region, with a partial 
or total arrest of the peripheral functions. For the skin, we know that 
loss of heat is reduced to a minimum when the contraction of the periph- 


eral vascular system takes place. The dependence of this condition 
on the sympathetic tonus has been established, and that a sudden release 
of epinephrine from the suprarenal gland is associated seems probable 
(Cannon**). The proof that similar phenomena dominate the muscu- 
lature during the chill extends the present concept to the largest of the 
peripheral regions. Skin, muscle and peripheral vascular system act as 
a unit in the response to the altered conditions of the body. 
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Chart 4-—Comparison of muscle and rectal temperatures during bacterial chill. 
Continuous injection of B. coli (285 cc. in all) in dog with gastrostomy. It will 
be observed that the rectal temperature increased about 20 F. in the hour after 
the injection was commenced, while the temperature of the muscles remained 
low during the time of chill; later (at 2:30 p. m.) with a second chill, the tem- 
perature of the muscles diminished while the rectal temperature increased. The 
typical effect on the gastric secretion and acidity is to be noted. 
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Recently, Cannon and his associates ** have begun a study of regu- 
lation of heat and have emphasized particularly the role of the 
release of epinephrine. They, too, seem of the opinion that equilibra- 
tion by means of muscle shivering and the presumptive warming of the 
body by such means are relatively negligible factors as contrasted to the 
increase in metabolism induced by the flooding of the organisms by 
epinephrine, and the production of heat without any muscular activity 
at all. 

Our interpretation differs in the fundamental assumption that the 
two regions (splanchnic and peripheral) are oppositely oriented. The 
intense stimulation of the splanchnic area with its great increase in 
permeability gives no evidence of the effect of the epinephrine in the 
ordinary sense, despite the fact that epinephrine is probably present in 
greater amount in the circulation. This need not be surprising as epi- 
nephrine under such conditions may give a paradoxic effect, i.e., it may 
augment the parasympathetic status. Thus, under such conditions, it 
does not contract the musculature of the arterioles nor present symptoms 
of shock. 

Muscle tremor, whenever apparent, has usually been accepted as 
synonymous with the production of heat, such as takes place with volun- 
tary contraction of the muscles. It is generally assumed that the increase 
in temperature following the rigor is due, in part at least, to heat s 
engendered. Our experiments indicate, on the contrary, that the chill 
produced in the dog by the continuous injection of colon bacilli is always 
associated with an increase in the splanchnic activity; indeed, it prob- 
ably is to be regarded as produced by this splanchnic orientation. During 
this time, the abdominal temperature is rising. The association of the 
increase in splanchnic activity with the tremor of the muscle in shock 
(whether bacterial, or due to external cold) is so constant that one may 
assume the splanchnic stimulation when he observes the tremor of the 
muscles. On the other hand, not every increase in splanchnic activity 
results in tremor of the muscle. Presumably, the latter takes place only 
when the autonomic rearrangement reaches a certain degree of intensity. 

In the fixation of the balance, it is to be remembered that the condi- 
tion in the periphery can be maintained practically indefinitely, but the 
status in the splanchnic area will be self limited, the period of stimula- 
tion leading either to a (1) reversal, or (2) to fatigue and ultimately to 
death of the cells. We will describe the chemical basis of these changes 
in other papers. 

The tremor of the muscles may be assumed, therefore, to indicate 
increase in splanchnic activity and production of internal heat. Con- 
versely, the increase in splanchnic activity, if of sufficient intensity, will 


33. Cannon, W. B.; Querido, A.; Britton, S. W., and Bright, E. M.: Am. J. 


Physiol. 79:466, 1927. 
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‘oduce tremor of the muscles. The tremor need not appear ; the increase 
temperature may take place gradually without the intense autonomic 
ation apparent in chill. This is the more common status in the 


lh ary fever. 
he question of the increase in metabolism and its relation to the 
ular activity is one that can hardly be answered clinically. While 
uld be of interest to determine the exact oxygen exchange in the 
le during tremor, for our clinical purpose it is sufficient to establish 
ict that the increase in temperature does not come from muscular 
in the ordinary sense. 
CONCLUSIONS 
e production of bacterial chill and fever is the result of the fixa- 
the splanchnoperipheral autonomic balance. The entrance of 
ia into the blood stream is followed by their fixation by the retic- 
dothelial elements of the splanchnic area. This (depending on 
ixicity of the organisms) is followed by a marked stimulation of 
ells and of the organs in which they occur—liver, spleen, bone- 
w and gastro-intestinal system. This stimulation involves a 
mpathetic status of the organ group and with it a sympathetic 
‘ation of the peripheral organs. In this peripheral group, the 
s are oriented in the same direction as the skin and vascular tis- 
The intense sympathetic orientation, which arrests the activity 
stricts the blood supply, is an adaptation to the fundamental altera- 
in the condition of existence of the whole organism. The muscle 
itself is the expression of the intense sympathetic orientation, 
ented to such a degree that it cannot be overcome by will, as is 
possible in the chill accompanying the external application of cold. 
le tremor itself, presumably a clonic effect in muscle with increased 
tonus, may be associated with local effect of metabolic products accumu- 
lated when vascular constriction takes place, rather than a phenomenon 
due to the mere deprivation of oxygen. The tremor is not associated 
with increased production of heat and is to be regarded as a phenome- 
non analogous to that studied in smooth muscle during so-called “muscle 
blockade.” 
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THE MONOCYTES IN PNEUMONIA 


A CLINICAL AND HEMATOLOGIC STUDY * 


HICKLING, M.B. (CANTAB.) 
YORK 


NEW 


An attempt was made recently to compare and to contrast the 
changes in the leukocyte counts in patients with bronchopneumonia and 
with suppuration. It was noted that in the cases of bronchopneumonia 
the monocytes in the circulating blood increased in the early stages of 
the disease to a point definitely above normal, and that later the num- 


ber ' again became normal. 
dD 
The object of the present work was to determine whether similar 


changes occurred in patients with lobar pneumonia and, by comparing 
the changing blood picture with the clinical course of the disease, to 
determine whether any deductions could be drawn regarding the func- 


tion of these cells. 

Daily total leukocyte counts were performed on the patients, the 
blood being obtained by pricking the lobe of the ear. Cover-glass 
films of the blood were made at the same time and stained. The ditier- 


ential blood count was performed under the oil immersion lens. In 
more than half the cases studied, the percentage of each type of cell 
was determined by counting 500 successive cells seen in the film. In 


the remainder, a pair of cover-glass films were stained, and 100 cells 
were examined in each. When the total leukocyte count was high, 
400 or 500 cells were counted in these cases also. The total number of 
each type of cell per cubic millimeter was calculated from the total 
leukocyte count and from the percentages. These numbers were plotted 
in the forms of graphs, so that a picture was obtained of the changes 
in numbers in each type of cell during the course of the disease. 

In the great majority of instances, the monocyte is easily recognized. 
It is distinct in type from the other two main groups, the polymorphonu- 
clears and the lymphocytes. It has been recognized as a distinct type 
of cell for many years. When well stained with one of the Romanow- 
sky stains, it presents, briefly, the following characteristics. The 
basichromatin of the nucleus lies in fine strands, so that the lighter 
staining portions of the nucleus appear to lie close together. These 
light staining portions are evenly distributed through the nucleus; in 
this it contrasts with the nucleus of the lymphocyte in which the light 
staining portions lie far apart and are unevenly distributed, owing to the 


*From the Second (Cornell) Division, Bellevue Hospital. 
1. Hickling: Folia Haemat. 33:199 (Feb.) 1927. 
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coarse structure of the basichromatin masses in the lymphocyte. The 
cytoplasm of the monocyte stains a cloudy blue, different from the clear 
blue cytoplasm of the lymphocyte. In this cloudy blue cytoplasm are 
seen) immense numbers of evenly distributed fine granules, which stain 
a brighter color than do the neutrophil granules of a polymorphonu- 
clear. These granules are distinct from the much larger bright red 
globular bodies frequently seen in the clear cytoplasm of a lymphocyte. 
‘This description corresponds to the monocyte of Naegeli’s classification.? 
It has been called a large mononuclear leukocyte or transitional cell in 
other classifications. 
In normal blood the monocytes comprise about from 2 to 6 per cent 
i the total number of leukocytes. In total numbers 500 or 600 mono- 
s per cubic millimeter is probably the maximum normal. 


REACTION OF MONOCYTES IN CIRCULATING BLOOD 

he main part of this work consists in daily observations on twenty 
~ of lobar pneumonia. The only method of selection adopted was that 
tients were used on whom the first blood examination could be per- 
rmed within three days of the onset of the disease. In all cases the 
ct was sufficiently characteristic so that the day of disease on which 
iirst examination was made was known with fair certainty. Through- 
the paper, when a certain day is mentioned in connection with any 
it refers to the day of the disease, not to the time since admission to 

the hospital. 
summary of some of the blood changes in these twenty cases 1s 
given in table 1. It will be seen that the first four cases ended fatally. 
Oi the sixteen patients who recovered, all except the last three had a 
similar blood picture at the beginning of the disease, in that the mono- 
cytes were within or only slightly above the normal limits. In the last 


three cases, the monocytes were high at the beginning of the disease. 


In the first group, the fatal cases, the leukocytes variations were 
similar in all four. There was a polymorphonuclear leukocytosis which 
in two cases reached over 24,000 per cubic millimeter during the obser- 
vations. The lymphocytes were abnormally low in three of the cases and 
were present in about normal numbers in the fourth case. The mono- 
cytes were low throughout in all four cases and tended to fall lower 
toward the fatal termination. A graph is shown of the leukocyte varia- 
tions in one case as an example of this group (chart 1). 

In the second group, the thirteen typical cases, there was consider- 
ably more variation, but the general picture was similar in all. There 
was a polymorphonuclear leukocytosis. In four cases this was not 
high, the maximum being about 12,000 per cubic millimeter. In the 


2. Naegeli: Blutkrankheiten u. Blutdiagnostik. 
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remaining cases, a high polymorphonuclear leukocytosis, between 17,000 
and 28,000 per cubic millimeter, developed. In five of these cases the 
number of polymorphonuclears fell sharply to about normal within 
twenty-four hours after the crisis; in the others, the fall to normal was 
more gradual. 

The lymphocytes presented variations. At the beginning of the 
observations they were abnormally low in seven cases but were present 
in normal numbers in the other six. In all cases they rose later in the 
disease, in seven reaching high figures so that a definite postinfective 
lymphocytosis was present. In many cases, the observations were 
stopped before the lymphocyte curves were complete; but in six of 
the cases in which a definite lymphocytosis developed, it was found 
to be only transient, the lymphocytes soon falling to normal numbers. 


1.—Summary of Blood Changes in Patients with Lobar Pneumor 


Day of Monocytes per 
Day When Monocytes Peak of Cubie Millimeter Duration of Day 
First Seen at First Monocytes at Peak Monocytosis Crisis 


Low None Died on St 
Low None Died on7 
Low None eat or Died on 6th 
Low None sven ceeny Died on 7th 


2 days 4 
6 days 
6 days 
4 days 


Low 
Low 
Low 
Slightly above normal 
Low 6 adys 
Low 2 days 
Normal maximum g 3 days 
Low j 3 days 
Slightly above normal f 6 days 
Low 3 days 
Low i 4 days 
Slightly above normal 3 days 
Low { Persistent Nof 
temper 


10M 


High 11 days 


High 10 days 
High 2 10 days 


The eosinophils were absent in all cases at the beginning and 
appeared at varying intervals after the onset of the disease. A definite 
postinfective eosinophilia was observed in only two of the cases; in 
the others, the eosinophils remained within normal limits. 

At the beginning of the observations in these thirteen typical cases, 
the monocytes were either within normal limits or slightly above the 
normal maximum. They rose in total numbers, in every case reaching 
a point above the normal maximum, so that a definite monocytosis was 
present (charts 2, 3,4, 5 and 6). The highest point of this monocytosis 
varied in relation to the onset of the disease and to the occurrence of 
the crisis. In nine cases this peak occurred after the crisis; in two 
cases it occurred just before the crisis; in one case (case 9) the 
temperature fell by lysis, and in the last case (case 17) a fall in tempera- 
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hart 1.—Graph showing leukocyte variations in case 1. In the charts the 

hand column of figures represents the scale of the polymorphonuclears ; 
and the left hand column the scale of the monocytes and lymphocytes. The 
continuous fine line indicates the polymorphonuclears ; the continuous coarse 
line, the monocytes, and the fine dotted line, the lymphocytes. The horizontal 
line represents the normal maximum for monocytes. 
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Chart 2—Leukocyte variations in case 15. 
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Chart 3.—Leukocyte variations in case 10. 
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Chart 4.—Leukocyte variations in case 
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Chart 5.—Leukocyte variations in case 15. 
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ture did not occur during the observations. The duration of the 
monocytosis also varied. The shortest duration observed was two 
days; the longest was six days, except in case 17, in which the mono- 
cytosis was sustained as long as the observations were continued 
(chart 6). The patient in this case developed an empyema. In all 
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Chart 6—Leukocyte variations in 
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Chart 7—Leukocyte variations in case 20. 


cases, with the exception of case 17, the number of monocytes had 
fallen to within normal limits before the observations were discontinued. 
The main points regarding the monocytes are summarized in table 1. 

It is found that the curve of the total monocytes in every case is 
remarkably smooth, often in spite of wide variations in the total leuko- 
cyte count (chart 2). The rises and falls occur gradually, and these 
curves would probably be still smoother with more accurate technic. 
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These smooth curves indicate that it is the total count of monocytes 
per cubic millimeter and not the percentage which is of importance; 
the steady rise and fall is emphasized because it is believed to be of 
particular significance, especially in view of the complex nature of a 
clinical case in which, even under hospital conditions, it is so difficult 
to be sure of the presence or absence of complicating diseases. 

The curves showing the number of monocytes are independent of 
the rises and falls of the other blood cells. In most cases, the mono- 
cytosis occurs after the polymorphonuclears have resumed normal num- 
bers; in all cases, the monocytosis precedes the rise of the lymphocytes. 
These facts at once suggest that the monocyte has some special func- 
tion different from that of the polymorphonuclears or other blood cells 

In the last three cases in table 1 there were high monocyte counts 
as soon as the patients were observed; the total number of monocytes 
fell gradually to within normal limits before the observations were 


TaBLE 2.—Summary of Blood Counts Made on Patients with Lobar Pneumonia 


Day When Monocytes per Leukocytes per 


Case First Seen Cubic Millimeter Cubie Millimeter Outcom 
Win 2 820 11,600 Death on 3d 
3 450 22,400 Death on 
3... 3 70 17,600 Death on 4th 
25. 4 80 2,600 Death on 4th 
26. 4 390 15,700 Death on it! 
o7.. 4 730 12,500 Recovered 
6 490 16,500 Death on 
29... 6 1,400 13,400 Recovered 
30, 7 1,200 20,000 Death on &th 
‘ 


34,600 Recovered 


stopped (chart 7). There was a high polymorphonuclear leukocytosis 
which fell gradually but irregularly to normal. The lymphocytes in two 
cases were abnormally low at first, and later rose; in the third the 
lymphocytes were not depressed in numbers at the beginning. In one 
case a definite but transitory lymphocytosis was observed. The 
eosinophils were absent at first in all cases. In two cases, a definite 
eosinophilia occurred later, and this was sustained for some days in 
one of them. 

In addition to the twenty cases described in the foregoing, blood 
counts were performed in twelve other cases of lobar pneumonia; 
the results are summarized in table 2. Seven of these were counted 
within the first four days of the disease, and in six of them the mono- 
cytes were low; in the seventh case, they were slightly above the normal 
maximum. In the remaining five cases, the blood count was made on 
the sixth or seventh day of the disease; in four of these, a definite 
monocytosis was present; in the fifth case, the number of monocytes 
was still low. 
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Although one or even two or three examinations on a single patient 
are not of much value in this work, the results in these cases in general 
agree closely with those found in the more extensively studied series. 

The results as far as the monocytes are concerned may be sum- 
marized as follows: In most cases of lobar pneumonia there is a 
characteristic reaction of the monocytes in the circulating blood. These 
cells, in total numbers per cubic millimeter, are within normal limits at 
the beginning of the disease; the numbers rise in all cases to a point 
definitely above the normal maximum. This monocytosis lasts for a 
few days. The peak of the monocytosis generally occurs after the 
crisis. Following the peak, the monocytes gradually fall to within normal 
limits. 

If death occurs early in the disease, the number of monocytes is 
generally found to be low; when death occurs later, monocytosis may 
be present before death. 

The significance of the monocytosis was not realized until many cases 
had been studied in detail; hence not all the cases were followed 
clinically as closely as one would have wished. It is believed, however, 
that there is evidence from this work that the monocytosis is intimately 
associated with resolution. 

Reference to table 1 shows that the monocytosis in the sixteen 
patients who recovered occurred at three stages in the disease. In 
three cases there was a monocytosis as soon as the patients were seen. 
In the majority, the monocytosis occurred at about the end of the 
first week; in two cases it occurred at the end of the second week. One 
case from each group will be described. 

In case 20 (chart 7), the patient was first seen on the second day, 
when there were definite signs of consolidation of the left lower lobe. 
On the fourth day the signs had practically disappeared, and under 
the fluoroscope only a haziness in the lower part of the left chest was 
seen without a definite shadow of consolidation. There was no doubt 
from the clinical signs that there had been resolution rapidly and early. 
The crisis occurred on the fifth day, and the further progress of the 
case was uneventful. 

In this case a high monocytosis was present on the second day, and 
this gradually subsided until the number of monocytes was within 
normal limits (chart 7). 

Case 7 is an example of the majority of cases in which the mono- 
cytosis occurred at about the end of the first week (chart 4). The 
patient was admitted to the hospital on the second day; he presented 
signs of consolidation in his right lung. The condition spread, and 
by the fifth day the patient had a dense shadow which appeared to 
involve portions of all three lobes. Evidence of resolution appeared 
about the same time; by the ninth day, the shadow under the fluoro- 
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scope was definitely less dense than before; on the eleventh day, only 
a faint shadow was present in the right lung. 

The number of monocytes was within normal limits at first; there 
was an increase on the fifth day, and they continued to increase until 
the eighth day, when the peak occurred. By the eleventh day, the 
number was again within normal limits (chart 4). 

Case 15 is an example of the cases in which monocytosis appeared 
at the end of the second week (chart 5). This patient was first observed 
on the third day; the signs in the lungs were indefinite at first, but 
gradually became more evident, and frank signs of consolidation 
appeared and spread until the whole right lung was solid. The crisis 
occurred on the eleventh day; at this time no signs of resolution were 
present, and under the fluoroscope the whole right lung was occupied 
by a dense shadow. Within two days of the crisis, signs of resolution 
were noted; percussion was not so flat, moist sounds could be heard, 
and bronchial breathing was not so evident. The shadow seen under 
the tluoroscope was definitely less dense then previously. Up to the 
time of the crisis, the number of monocytes had been uniformly low. 
At the time that signs of resolution appeared, they commenced to 
increase in numbers in the circulating blood; the peak of the mono- 
cytosis occurred on the fifteenth day, and at this time the fluoroscope 
showed a shadow at the base of the lung only, the remainder of the 
lung appearing to be clear. The number of monocytes had fallen to 
normal three days after the peak; at this time signs in the lung were 
scanty, and the tluoroscope showed a small shadow still present at the 
hase. The patient made an uninterrupted recovery. 


RESOLUTION 


In most cases it is not possible to say just when resolution com- 
mences. It is possible, with the help of the fluoroscope, to watch a 
dense shadow in the lungs become much lighter or practically disappear 
in the course of a few days. This is the most certain evidence that 
resolution is taking place. 

Of the patients whose cases are recorded in table 1, sixteen 
recovered, In six of these the resolution was watched under the 
fluoroscope ; in all six a monocytosis appeared in the circulating blood 
at the time resolution was taking place, but the monocytosis did not 
last throughout resolution. In six other cases the monocytosis devel- 
oped at the time that ordinary clinical evidence indicated that resolution 
was commencing, but this was not confirmed under the fluoroscope. In 
the other four cases, the evidence was not certain, as the cases were 
not followed sufficiently closely. A summary of some of the clinical 
details of these twenty cases is given in table 3. 
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Signs of resolution appear most commonly at the time of, or shortly 
after, the crisis; and in the majority of the cases studied this was also 
the time at which the monocytosis appeared (table 1). 

It is believed that we have here an explanation of the monocyte 
curves. In a typical case, a polymorphonuclear leukocytosis is present 
in the circulating blood during the stage of consolidation, and the 
monocytes remain within normal limits. The polymorphonuclears 
appear in the alveoli of the lung and produce the characteristic exu- 
dation. At about the same time as the resolution commences, the 
monocytes in the circulating blood increase in numbers to such an 


extent as to produce a definite monocytosis. This monocytosis does not 


Paste 3.—Summary of Clinical Data of Twenty Patients with Lobar Pneumonia 


Day ot Blood Number 
Cust \ge Disease ‘Type Culture of Lobes ‘Treatinent Notes 
34 : l after 4th day ' Serum Died on 9th day 
10) 3 3 on Sth and ? No serum Died on 7th day 
7th days 
7 r } on 6th day 1 No serum Died on 6th day 
is 3 2 throughout Serum Died on 7th day 
$4 l 2 throughout l Serum Mild serum disease 
2 Z 4 on 3d day 1 1 injection Delirium tremens 
15 2 3 Not taken Asthmatic 
3 throughout No seruu Negro, Wassermann 
reaction positive 
3 Not taken No serun Temperature fell 
by lysis 
2s 2 1 throughout l No serun 
3 throughout 2 No serun 
$5 Not taken No serun 
Is 2 (1 colony only) ] Serun Serunt disease 
on 2d day 
31 3 3 throughout } No serum Delayed resolutior 
15 3 4 throughout , No serum Delayed resolution 
42 2 1 (few colonies) 3 No serun Infected nasal 
on Sth day sinus 
21 ] on 3d day injection Empyema found 
of serum on ith day 
2 l on 2d day 3 Serum Negro 
28 1 2 throughout $ No serum Negro 
ob 2 4 throughout l No serum Rapid resolution 


\ll patients were men with the exception of patients 14 and 15 


last throughout the stage of resolution; signs may still be present, and 
a light shadow under the fluoroscope may still be visible after the 
number of monocytes has fallen to normal. 

Clinically, signs of resolution may appear at varying stages in the 
disease in different cases of pneumonia. There may be signs of 
resolution early in the disease, even before the crisis, or no sign of 
resolution may be present until much later than usual. Some of these 
atypical cases are described in this article, and the close association of 
the monocytosis with resolution even in these cases is pointed out. It 
is possible that the other cases which presented a high monocytosis in 
the early stages of the disease may have a similar explanation, but that 
the evidence clinically was not conclusive; or some undetected compli- 
cating factor may have been present. 
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In the four cases recorded in table 1 in which death occurred early 
in the disease, no clinical signs of resolution were present. The number 
of monocytes was persistently low in all. Unfortunately, autopsy was 
not performed on any of these four. 

There is a small amount of pathologic evidence in support of the 
belief of the close association of a monocytosis with resolution. Of the 


thirty-two cases in the entire series, eleven ended fatally; four of 


these came to autopsy. In three cases (21, 23 and 25) death occurred 
within the first four days of the disease; the number of monocytes was 
low in all. Autopsy revealed massive consolidation of the lungs, which 
were a dirty red color and brittle on pressure on the cut surface. No 


sign of resolution was present. Microscopic sections of one of the 


lungs (case 25) showed the typical appearance in the stage of consoli- 


dation; the alveoli were filled with polymorphonuclears, débris of red 


blood cells and fibrin. No microscopic evidence of absorption of the 


exudate was present. 
The patient in the fourth case (case 30) died on the eighth day. 


(in the day before death a well marked monocytosis was present in the 
circulating blood. Autopsy showed that the affected lobes of the lung 
were resolving; on microscopic examination, the alveoli were seen to 


contain a few large mononuclear cells; little débris was present, and the 


affected portion of the lung was in an advanced stage of resolution. 


It is suggested that the monocytosis in the circulating blood is an 


indication of an emigration of monocytes from their place of origin to 


the lungs to perform a function closely connected with resolution. 


SUMMARY 


1. A study is presented of the leukocyte variations in the circulating 
blood in thirty-two cases of lobar pneumonia. 


2, In twenty cases, daily observations were made on the blood 


throughout the disease. 


3. \ monocytosis developed in the circulating blood of all patients 


except those who died early in the disease. 


4. Evidence is given which shows that this monocytosis is closely 


associated with resolution of the affected lung. 
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ACTION OF DRUGS ON CARDIAC OUTPUT 


EFFECTS OF CAMPHOR AND STRYCHNINE ON THE CARDIAC 
OUTPUT OF INTACT UNNARCOTIZED DOGS * 


CHARLES P. WILSON, M.D 


TINSLEY RANDOLPH HARRISON, M.D. 
AND 
COBB PILCHER, M.D. 
NASHVILLE, TENN. 


Our present knowledge concerning the action of the so-called 
diac stimulants” is incomplete. Many clinical and experimental 
lies have been made of their effects on blood pressure and pulse 
The essential function of the heart, however, is to pump blood, 
| before evaluating any drug as to its circulatory action, information 
ts effects on the cardiac output is essential. Cardiometric and other 
bservations on decerebrate or anesthetized animals with the chest 
ned cannot suffice for this purpose. Harrison and Leonard! have 
wn that digitalis, which has repeatedly been demonstrated to increase 
utput of the isolated heart, has precisely the opposite effect on the 
‘t animal. 

The rather surprising results obtained with digitalis have seemed to 
rrant an investigation with the newer methods of other drugs com- 
monly used in the treatment of patients with circulatory disorders. The 
results of studies on caffeine are being reported in another paper In 
the results found were: a slight diminution in minute cardiac 
output after doses comparable to those usually given to man for thera- 

peutic purposes and a greater decrease with larger doses of the drug. 
Camphor and strychnine are frequently employed in the treatment 
of patients with acute and chronic circulatory failure. A perusal of the 
literature suggests that their value in this respect is far from established. 


Thus, in regard to experiments with camphor, Sollmann* says: “These 


are iconstant, different investigators reporting divergent results and 
* Summarizing clinical reports, he adds: “Camphor is 
used clinically as a temporary cardiac stimulant. Opinions are divided 
as to its usefulness. The effects, if they occur, are inconstant and 


conclusions.’ 


*From the Department of Medicine, Vanderbilt University. 

1. Harrison, T. R., and Leonard, B. W.: The Effects of Digitalis on the 
Cardiac Output of Dogs, J. Clin. Investigation 3:1, 1926. 

2. Pilcher, C.; Wilson, C. P., and Harrison, T. R.: The Effects of Caffeine 
m the Cardiac Output of Dogs, in press. 

3. Sollmann, T.: Manual of Pharmacology, Philadelphia, W. B. Saunders 
Company, 1922, p. 229. 
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‘said of camphor: “. its effects on the 


unreliable.” Cushny 
heart in therapeutically possible amounts are trifling or entirely nega- 
tive.” More recent pharmacologic and clinical observations support the 
conclusions of Sollmann and Cushny. -\s a result of extensive investiga- 
tions, Heathcoate * concluded that evidence “that camphor possesses any 
value whatever as a cardiac or circulatory stimulant” was_ lacking. 
Marvin and Soifer,® after pointing out the widespread clinical use and 
the great faith which many physicians place in the drug, reported the 
results of their own careful studies. Doses of from 0.2 Gm, to 3 Gm. 
tailed to influence the pulse rate, respirations, vital capacity, blood pres- 
sure, electrocardiograms or general condition of normal persons or 
patients with cardiac failure, whereas most of the patients promptly 
improved when digitalis therapy was subsequently instituted. The 
majority of favorable clinical reports concerning camphor consists of 
isolated cases in which the action of the drug was not well controlled 
Strychnine is frequently used for its effect on the circulation, 
although possibly less so than a few years ago. Opinions concerning 
its value differ. Cameron? found that 0.03 mg. per kilogram of bods 
weight increased the “tonicity” of the mammalian heart; slightly larger 
doses caused an increased cardiac output as measured by the cardiometer 


} 


observed that strychnine increased the secretion of the 


suprarenal glands, which augments cardiac output.” Cushny * said that 
the mammalian heart is not affected by strychnine. According to 
Sollmann,* the “cardiac contractions are not changed.” Marvin ' studied 
th 


the effects of strychnine on medical students and found slowing of the 


heart and increased blood pressure after the administration of from 
49 to Mo grains (0.0015 to 0,003 Gm.) of the drug. Cook and Briggs ' 
observed the effect of strychnine in hypotensive conditions, and con- 


cluded that it was “by far the most satisfying cardiovascular stimulant 


4. Cushny, A. R.: A Text Book of Pharmacology and Therapeutics, Phila- 


delphia, Lea & Febiger, 1918, p. 271. 

5. Heathcoate, R. St. A.: Action of Camphor, Menthol and Thymol on the 
Circulation, J. Pharmacol. & Exper. Therap. 21:177, 1923. 

6. Marvin, H. M., and Soifer, J. D.: The Value of Camphor-in-Oil as a 


Cardiac Stimulant, J. .\. M. A. 83:94 (July 12) 1924. 

7. Cameron, J. P.: Studies on Cardiac Tonicity in Mammals, Johns Hopkins 
Hosp. Rep. 16:549, 1911. 

8 Edmunds, C. W.: The Importance of the Adrenal Glands in the Action 
of Pilocarpine, Physostigmine and Strychnine, J. Pharmacol. & Exper. Therap. 


20:405, 1923. 


9. Odaira, T.: Observations on Gaseous Metabolism and Minute Volume: 
1. Relation to Internal Secretions, Tohoku J. Exper. Med. 6:325, 1925, 
10. Marvin, D.: A. Preliminary Report on the Effect of Strychnine and 


Digitalis on Man, Arch. Int. Med. 11:418 (April) 1913. 
11. Cook, H. W., and Briggs, J. B.: Clinical Observations on Blood Pressure, 
Johns Hopkins Hosp. Rep. 11:451, 1603. 
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for long continued routine administration.” Cameron‘ believed that 
strychnine was particularly indicated in conditions of cardiac dilatation 
without decompensation, and cited anemia as an example. On the other 
hand, Parkinson and Rowlands '* and Newburgh '’ reported no effect 
from strychnine in patients with decompensation. Lucas ' did not find 
iny beneficial result in children with rheumatic disease of the heart. 
Cabot?’ did not observe any benefit from strychnine in patients with vari- 
us infectious diseases. Newburgh '° did not note any effect on the blood 
pressure in eight of seventeen patients with hypotension, and only a 
temporary rise in nine. He reported that strychnine sulphate in medic- 
inal doses does not increase the output of the heart, slow the pulse or 
terlally raise the blood pressure, and he believed that there was no 
sical basis for its use as a cardiovascular stimulant. Hewlett‘? did 

observe any effect on the size or form of the pulse wave in man, 
but he believed that the flow of blood through the arm was sometimes 


1} ased. 
lhe foregoing brief review may be summarized as follows: 1. Both 
cal and pharmacologic evidence indicates that camphor does not have 
ustant action on the heart and is not of value in the treatment of 
vents with circulatory disorders. 2. The evidence regarding strvch- 


is so conflicting that no conclusions are warranted. 


METHOD 

Marshall ?* has recently demonstrated the feasibility of training dogs 

cardiac punctures and respiratory manipulations, and has emphasized 
the tact that operations, narcotics and anesthetics may cause profound 
alterations in the cardiac output. Our experience is in accord with his. 
Nareotized animals were not used in these experiments, all the dogs 
being healthy and “trained.” Operation was not performed. Occasion- 
ally the animals struggled; when this was in any sense marked, the 
determination was discarded. 

12. Parkinson, J., and Rowlands: Strychnine in Heart Failure, Quart. J. Med. 
7:42, 1913, 

13. Newburgh, L. H.: On the Use of Strychnine in Broken Cardiac Com- 
pensation, Am. J. M. Sc. 149:696, 1915. 

14. Lucas, W. P.: Studies in Cardiac Stimulants: [. Strychnine and Caffeine 
Group, Am. J. Dis. Child. 7:208 (March) 1914. 

15. Cabot, R. C.: Measurement of Blood Pressure in Fever, Before, During 
and After Administration of Strychnine, Tr. A. Am. Phys. 19:22, 1904. 

16. Newburgh, L. H.: The Use of Strychnine and Caffeine as Cardiovascular 
Stimulants in the Acute Infectious Diseases, Arch. Int. Med. 15:458 (March) 
1915, 


17. Hewlett, A. W.: The Pulse Flow in the Brachial Artery: V. The 


Influence of Certain Drugs, Arch. Int. Med. 20:1 (July) 1927. 
18. Marshall, E. K., Jr.: Studies on the Cardiac Output of the Dog, Am. J. 
Physiol. 77:459, 1926. 
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The details of our technic have been published elsewhere.’ The 
consumption of oxygen was determined by the Benedict spirometer and 
Blalock mask. Simultaneous samples of arterial blood and right ven- 
tricular venous blood were drawn and analyzed for their oxygen content 
in the Van Slyke-Neill manometric apparatus. The cardiac output was 
calculated from the Fick formula: 

cc. O: consumed per minute 

No. of cc. of blood passing throug] 
cc. O: taken up by 1 cc. of blood — the lungs per minute 

1} passing through the lungs 

After one—in many instances two—control determinations of car 
diac output, the drug was administered subcutaneously. The prepara 
tions used were camphor in oil (20 per cent solution—Parke, Davis & 
Co.) and strychnine (Parke, Davis & Co.) tablets dissolved in water. 
The doses of camphor used were 4, 8 and 15 mg. per kilogram of body 
weight (these correspond respectively to 4, 8 and 15 grains for a man 
weighing 140 pounds [63.5 Kg.]). The doses of strychnine used were 
0.01, 0.02, 0.04, 0.08 and 0.16 mg. per kilogram of body weight (lio. 
ley. 45, 149 and 4; grains [0.6, 1.3, 2.5, 5.4 and 10.8 mg.| for an 
weighing 140 pounds [63.5 Kg.]). 

Approximately thirty minutes after the drugs had been injected, thy 
cardiac output was again determined. In many of the experiments, @ 
third and sometimes a fourth observation was made 1n order to test tli 
duration of the effect of the drug. The procedures for the individual 
experiments are shown in the tables. 

The pulse rate was counted when the samples of blood were draw: 
The minute ventilation was estimated from the spirometer tracing, thie 


average respiratory depth being multiplied by the respiratory rate. 

In all, thirty-three experiments were carried out and 111 determina 

tions of cardiac output were made. 
RESULTS 

A. Control Studies —In order to observe whether a subcutaneous 
injection per se could change the circulatory minute volume, three 
determinations of cardiac output were made before and after the sul- 
cutaneous administration of tap water. The results are shown in 
table 1. 

In each instance the cardiac output after the injection was within 5 
per cent of the value obtained before the injection. The mean variation 
in the three experiments was — 2.6 per cent in cardiac output and — 4.6 
per cent in the consumption of oxygen. 


19. Harrison, T. R., and Leonard, B. W. (footnote 1). Pilcher, C.; Wilson, 
C. P., and Harrison, T. R. (footnote 2). 
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In eighteen of the thirty-three experiments with camphor and strych- 
nine, duplicate control determinations of cardiac output were made. 
\\hen these varied by more than 10 per cent, further control deter- 
miinations were made, until approximately constant values for cardiac 
utput had been obtained. In the eighteen experiments in which dupli- 
ate control studies were carried out, the maximum variations in cardiac 


output were + 12 and — 16 per cent, while the maximum variations in 
consumption of oxygen were + 14 and — 20 per cent. The mean 
riations were — 2.4 and — 2.6 per cent for cardiac output and con- 


of oxygen, respectively. 


\Whereas these two functions remained relatively constant, the pulse 


ay 


was subject to wide variations, and consequently the output pet 
| \ 


t was inconstant. These observations are in accord with those of 


1—Control Experiments on Cardiac Output and Consumption of Oxygen 


Before and After the Subcutaneous Administration of Tap Il ate 


Before the 
Administration of 1 
Ce. of Tap Water Thirty Minutes After the Administration of 


Subcutaneously 1 Ce. of Tap Water Subeutaneously 
Consump- Consunip- Percentage 
tion of Cardiae tion of Cardiac Changein Percentage 
Oxygen Output Oxygen Output Consump- Change in 
(Animal per per per ver tion of Cardiae 
No. Weight Kg. Min. Ce Min. Ce Min. Ce. Min. Ce Oxygen Output 
Vse 11.1 916 18H) 88.8 1800 2 
x0 S4.1 2030 84.1 1080 “ 4 
102.8 ISP) 16 1 


rshall,** who reported relatively little change in cardiac output and 
vreat variations in pulse rate in his group of trained dogs. 

\lthough the cardiac output for a given animal on a given day was 
usually strikingly constant, wide variations were observed in some of 
the animals on different days; in general, the cardiac output was con- 
siderably higher than in Marshall's dogs or than in the group of animals 
previously studied by Harrison and Blalock.?° The latter observers 
reported that the cardiac output per minute of normal dogs was between 
100 and 210-ce. per kilogram of body weight. In our experiments, one 
half of the control values were above the level, and the average figure 
was 224 cc. This may best be ascribed to anemia, which, as Blalock and 
Harrison 7! have shown, causes an increase in output. All the studies 
were carried out on eleven dogs, and the frequent bleeding caused a 
diminution in hemoglobin of varying degree in all of them. As anemia 


20. Harrison, T. R., and Blalock, A.: Cardiac Output During Anoxemia, 
Am. J. Physiol., in press. 

21. Blalock, A., and Harrison, T. R.: The Effects of Anemia and Hemorrhage 
m the Cardiac Output of Dogs, Am. J. Physiol. 80:157 (March) 1927. 
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increased, the cardiac output became higher. As the effects of the drugs 
obtained in those animals with high cardiac output were entirely similar 
to those found in the dogs which had lower values for this function, it 
is not felt that anemia affected the results in any way. 

B. The Effects of Camphor and Strychnine—The general condition 
of the animals was not affected by camphor. .\fter the larger doses of 
strychnine were administered, restlessness and excitability were always 
observed. None of the animals died or, so far as could be observed, 
suffered any permanent effects from the drugs. 

The pulse rate was extremely variable. In some instances a decrease 
was noted after the administration of the drug; in others, an increase. 
The average change in pulse rate after camphor (all doses) was an 
increase of eight beats per minute; the average change after strychnine 
was an increase of thirteen beats per minute. We do not attach any 
significance to the alterations in pulse rate, as they were inconstant and 
not greater than changes that may occur spontaneously. 

The values for respiratory rates and minute ventilation are not 
included in the tables because no significant change occurred in respira 
tory rate or depth, and hence neither minute ventilation nor alveolar 
ventilation was altered. This was rather surprising, since strychnine 1s 
™ however, did not 
14 


widely used as a respiratory stimulant. Marvin, 
observe any effect on the respiration of normal men. Lucas ™ reported 
no effect in children. Cushny* said that the respiratory rate was 
increased by strychnine, whereas camphor did not have any significant 
effect. 

The consumption of oxygen was sometimes slightly increased and in 
other instances slightly decreased after the administration of camphor. 
The changes were not greater than those which occurred spontaneous! 
in control experiments, and were usually less than 10 per cent. The 
average changes in consumption of oxygen were — 3, + 2 per cent and 
+ 2 per cent after doses of 4, 8 and 15 mg. per kilogram of body weight. 
respectively (chart 1). .\n increase in the consumption of oxygen 
followed the administration of strychnine in practically every instance. 
This change was considerably greater than the spontaneous variations 
in control experiments. The average change with the different doses 
was from 11 to 34 per cent, the greatest increase occurring with doses 
of 0.08 mg. per kilogram of body weight (chart 3). Quantitatively, the 
effect of strychnine on the consumption of oxygen was variable with 
different doses and in different dogs ; qualitatively, this effect was strik- 
ingly uniform. 

The arterial oxygen remained fairly constant or decreased slightly 
after the administration of the drugs. The venous oxygen content 
varied in the experiments with camphor, and the utilization of oxygen 
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did not show any constant changes. In the experiments with strychnine, 
the venous oxygen was usually diminished after the drug and the utiliza- 
tion increased. 

The minute cardiac output was not changed in any constant direction 


‘camphor. Increases of as much as 25 per cent and decreases as great 


as 30 per cent were observed, but in the majority of instances the cardiac 
output after camphor had been given was within 10 per cent of the out- 
put before the drug had been administered. 

The effects of strychnine were considerably more uniform. Doses 
comparable to those used therapeutically produced an increase in cardiac 


° 
° 
° 
10 ° 
° 
e 
33 ° 
10 
‘ 
30 
Dose of Camphor mg, perkg, 


Chart 1—The majority of the values for cardiac output after the administra- 
tion of camphor are within 10 per cent of the control. There is no constant 
tendency for the cardiac output (solid circle) to increase or decrease after the 
drug is given. The effects on the consumption of oxygen (hollow circle) are 


negligible. 


output in eleven of thirteen instances. The degree of increase, however, 
was variable, i. e., from 1 to 56 per cent. The average increase was 
approximately 20 per cent, which is much greater than the limits of error 
of the method. Experiments showing typical effects of tap water, cam- 
phor and strychnine are platted in chart 2. 

The relationship between dosage and changes in cardiac output is 
depicted in charts 1 and 3. As can be seen in chart 1, the effects of 
camphor were variable with each dose, but no conspicuous difference is 
noted between the different doses, the mean values for cardiac output all 
falling within the assumed limits of error of the method (10 per cent). 
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With strychnine, a much more definite relationship between dosage 


and change in cardiac output is discernible. Subtherapeutic doses 


(0.01 mg. per kilogram of body weight) caused slight diminution (— 10 


per cent) in cardiac output. Doses within the therapeutic range (from 


0.02 to 0.08 mg. per kilogram of body weight or from 459 to 4% grain 


{from 1.3 to 5.4 mg.| for an adult weighing 140 pounds) caused an 


increase in cardiac output. The average values were 20, 21 and 10 per 


cent for 0.02, 0.04 and 0.08 mg. per kilogram of body weight, respec- 


tively. It is noteworthy that the larger dose caused the least change of 


the three. Doses somewhat larger than those ordinarily used in thera- 


Before Inj ec tion A¢ter Lajection | 
| Tap Water (tcc) 
2800 | 
2600 | 
Camphor 
perky) | 
3 
2200 / | 
= 
E Strychnine 
s OR per K 
200° 


Minutes 

Chart 2—The effects of tap water and camphor are shown to be negligible, 
while the cardiac output is increased from 1,980 to 2,270 cc. (15 per cent) after 
the administration of strychnine. These single experiments represent typical 


| 9 60 30 0 30 60 


results. 


peutics (0.16 mg. per kilogram of body weight or 4 grain [10.8 mg. 
for an adult weighing 140 pounds) did not cause any significant change 
db > a 


or cause a slight diminution in minute cardiac output. [t is important to 


note that with any given dose the degree of increase in minute cardiac 


output varied greatly in different experiments. 
The duration of the effects of the drugs was not carefully studied. 


Such changes in cardiac output as occurred after camphor usually dis- 


appeared within two hours. The effects of strychnine seemed to last for 


a somewhat longer time, but this point was not investigated thoroughly. 
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COMMENT 
Camphor, strychnine and caffeine are used almost interchangeably 
hy many physicians as “cardiac stimulants” for patients with acute 
circulatory failure. .\ comparison of the action of the drugs 1s, there- 
fore, of some interest. In chart + the average effects of comparable 
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Chart 3.—The effects are variable quantitatively. The largest and smallest 
doses, however, are followed by a slight diminution in cardiac output, whereas 
the output is increased after intermediate doses. The consumption of oxygen 
(hollow circles) is always increased to greater degree than the cardiac output 
(solid circles). 


doses of the three drugs on the minute cardiac output of dogs are shown. 
The values for cardiac output after caffeine are taken from our results in 
another publication.’ 

Stryvchnine in “therapeutic” doses increases cardiac output ; camphor 
does not have any constant effect, and caffeine, which in small doses 
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causes practically no change, produces a diminution when given in large 
doses. These observations suggest that it is irrational to consider any 


one of these drugs as a substitute for either of the others in the thera- 


peutics of circulatory disorders. 


So far as camphor is concerned, this work only adds to the rather 


convincing evidence already mentioned, that the drug does not have any 


action which indicates its value in the treatment of patients with dis- 


turbances of the cardiovascular system. 


The interpretation of the results with strychnine is considerably less 


obvious. Since this drug has been demonstrated to increase cardiac 


output and consumption of oxygen, it might be argued that it consti- 


40 


| 
} ~ | 
™ 
iS |° | 
~ 
j 
4 3 
to & | 
20> 
| 
c 
| 
40* 
| Dosen mg. pers. 


4§ 


'Catfeme WW 30 
\Camphor 4 8 16 
Str ychnine OR 04 08 16 


Usval Therapeutic Doses 


Chart 4+—The average values for consumption of oxygen and cardiac output 
after the administration of various doses of caffeine, camphor and strychnine are 
plotted together so as to contrast the three drugs. Obviously, average values ar 
of little significance when the variations in the individual experiments are marked 
(charts 1 and 3). However, the general tendencies of the drugs are illustrated. 
The consumption of oxygen (hollow circles) is not altered by caffeine (the 
unbroken line) and camphor (the broken line) but is definitely increased b) 
strychnine (the dot and dash line). The cardiac output (solid circles) is prac- 
tically unchanged after camphor, diminished after caffeine and usually increased 


after strychnine. 


tutes the treatment par excellence for shock, in which both of these 
functions are depressed, as Aub*? and Aub and Cunningham ** have 


shown. 


22, Aub, J. C.: Studies in Experimental Traumatic Shock: I. The Basal 
Metabolism, Am. J. Physiol. 54:338, 1920. 

23. Aub, J. C., and Cunningham, T. D.: Studies in Experimental Traumatic 
Shock: II. Oxygen Content of the Blood, Am. J. Physiol. 54:468, 1920. 
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To this point of view there are at least two objections: 1. Strych- 
nine—in our observations at least—increases the consumption of oxygen 
to a greater degree than the cardiac output. An increase in the con- 
sumption of oxygen means an increased demand on the circulation, and 


it is doubtful whether a drug which increases the demand for blood to a 
sreater degree than it augments the flow is valuable in conditions ot 
icute circulatory failure or shock. 
2. Even if the previous objections to the use of strychnine are 
waived, the fact remains that the quantitative effect of the drug on the 
rdiac output—in dogs at least—is variable. “Therapeutic” doses prac- 
tically always caused an increase in cardiac output, but the degree of 
increase was sometimes negligible and sometimes as much as 50 per cent. 
In chronic cardiac insufficiency or cardiac decompensation, there does 
t appear to be any rational basis for the use of either camphor or 
strychnine. The latter, like digitalis, may increase tonicity, but strych- 
nine and digitalis have opposite effects on the normal cardiac output, and 


action of digitalis is much more constant. 


SUMMARY 


The effects of camphor and of strychnine on the cardiac output of 
ormal, unnarcotized dogs have been studied by the Fick method. The 
doses used were comparable to those used in therapeutics. 

The effects of camphor were inconstant. The cardiac output and 
consumption of oxygen were usually not significantly altered, although 
decreases and increases sometimes occurred. 

The effects of strychnine varied according to the amount of the - 
drug administered. Doses of 0.01 and 0.16 mg. per kilogram of body 
weight did not cause any change or caused a slight diminution in cardiac 
output. Intermediate doses—O.02, 0.04 and 0.08 mg. per kilogram of 
body weight—caused an increased minute cardiac output. The degree of 
increase averaged approximately 20 per cent but was variable in different 
experiments. The consumption of oxygen was increased to a greater 
degree than the cardiac output. 

CONCLUSIONS 

The evidence obtained from the study of their effects on the cardiac 

output of normal dogs suggests: (1) that camphor has no value in the 


treatment of patients with circulatory disorders, and (2) that the value 
of strychnine in such conditions is unproved. 
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Heredity is apparently an important predisposition in most allergic 
persons; nevertheless, there are certain instances in which a carefully 


taken history fails to reveal the slightest evidence of any allergic mani- 


festation in the patient’s ancestors. Such instances suggest that clinical 


allergy, including hypersensitiveness of the skin, may develop  spon- 


taneously or may be artificially induced. 
The most thorough attempts to study the latter problem have been 
carried out in Schloss’ clinic,’ in which it was demonstrated that normal 


The 


and marantic infants absorbed unchanged egg and milk proteins. 


blood of such infants may contain precipitins for the food taken; by 


employing the intracutaneous test, positive skin reactions were obtained 


in about 50 per cent of these cases. In another instance,’ a boy, 10 
days old, was given egg-white without manifesting symptoms. — His 
next contact with egg was at the age of 14 months, and a definite intol- 


erance of eggs was observed. It has been demonstrated, therefore, that 


precipitins and skin reactions may be induced to certain foods. 


The development of a mild degree of skin sensitivity to horse serum 


after injection of therapeutic serums was noted by Cooke.* The injec- 


tion of such small amounts of horse serum as those used in immuniza- 
tion of a subject with diphtheria toxin-antitoxin is sufficient to engender 


skin sensitization to horse serum in about 27 per cent of the cases.’ 


* From the Allergy Clinic of Dr. George Piness. 

1. Anderson, A. F., and Schloss, O. M.: Allergy to Cow’s Milk in Infants 
with Nutritional Disorders, Am. J. Dis. Child. 26:451 (Nov.) 1923. Anderson, 
A. F. et al.: The Intestinal Absorption of Antigenic Protein by Normal Infants, 
Proc. Soc. Exper. Biol. & Med. 23:180, 1925. Du Bois, R. et al.: The Develop- 
ment of Cutaneous Hypersensitivity Following the Intestinal Absorption of 
Antigenic Protein, Proc. Soc. Exper. Biol. & Med. 28:176, 1925-1926. 

2. Schloss, O. M.: A Case of Allergy to Common Food, Am. J. Dis. Child. 
3:341 (June) 1912. 

3. Cooke, R. A., and Vander Veer, Jr., A.: Human Sensitization, J. Immunol. 
1:201 (June) 1916. 

4. Hooker, S. B.: Human Hlypersensitiveness Induced by Very Small 
Amounts of Horse Serum, J. Immunol. 4:7 (Jan.) 1924.) Park, W. H.: Human 
Hypersensitiveness to Whole Horse Serum or Serum Globulins Following Diph- 
theria Toxin-Antitoxin Injections—Its Importance, J. Immunol. 9:17 (Jan.) 1924. 
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Thus far we have been discussing the production of hypersensitiveness 
of the skin in persons previously not showing clinical evidence of allergy. 
Stuart ° warns against excessive exposure of the asthmatic child to 
inhalent proteins to which skin tests made on him have been negative. 
\ patient sensitive to several grasses should not be given injections " 
vith any to which he does not react. Sterling claims that if this is done, 
the patient will acquire sensitization for the pollens to which he was 
originally not sensitive. He says that this has been shown to be true by 
retesting the patients during the course of the desensitization treatments. 
(he data in this article fail to support this claim. 
Certain other clinical observations ‘ which, however, lack adequate 
laboratory control—such as skin tests—are frequently quoted as evidence 
iat allergy may be induced by sufficient exposure to certain grains, 
rse dandruff and rabbit hair. In a recent summary of hypersensitive- 
ness, Zinsser > apparently considers some of these cbservations ’ to be 
evidence that typical idiosynerasies can be induced by previous contacts. 
(ipposition to the views expressed in the preceding paragraphs is not 
ntirely lacking.’® 
Not infrequently the first positive skin reaction to a certain food, 
pollen or other substance is obtained after an allergic patient has given 
insistently negative reactions for a month or more. This must not be 
nsidered proof that the particular sensitization has been recently 
acquired. It appears that this phenomenon might be explained by assum- 
ng that the sensitization had existed for some time, but that the thresh- 
ll of resistance had but recently been exceeded. A similar explanation 
scems applicable to those cases in which the allergic symptoms were, 


manifested only after repeated exposure to a particular exciting agent. 


5. Stuart, H. C., and Farnham, M.: Acquisition and Loss of Hypersensitive- 
ness in Early Life, Am. J. Dis. Child. 32:341 (Sept.) 1926. 

6. Sterling, A.: Pollen Protein Intoxication in Seasonal Bronchial Asthma, 
New York M. J. 114:328 (Sept. 21) 1921. 

7. Rackemann, F. M.: Can Hypersensitiveness Be Acquired? J. A. M. A. 
84:489 (Feb. 14) 1925. Ratner, B.: Rabbit Hair Asthma in Children, Am. J. 
Dis. Child. 24:346 (Oct.) 1922. 

8. Zinsser, H.: Hypersensitiveness, Boston M. & S. J. 196:387 (March 10) 
1927, 

9. Rackemann (footnote 7, first reference). 

10. Koessler, K. K.: The Specific Treatment of Hay-Fever, Forchheimer’s 
Therapeusis of Internal Diseases, New York, D. Appleton & Company 5:671, 1914. 
Goodale, J. L.: Pollen Therapy in Hay-Fever, Boston M. & S. J. 173:42 (July 8) 
1915. Cooke, R. A. et al.: The Nature of the Process and of the Mechanism of 
the Alleviating Effect of Specific Treatment, J. Immunol. 2:217 (Feb.) 1917. 
Coca, A. F.: Hypersensitiveness, Anaphylaxis and Allergy, J. Immunol. 5:363 
(July) 1920, 
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Numerous patients are found with a negative skin reaction (both 
scratch and intracutaneous) to certain pollens which according to the 
history are important etiologic factors. In these cases, one or more 
such pollens may be employed in the treatment. Frequently clinical 
relief is not obtained until such a pollen is used. These cases afforded 
us an excellent opportunity to apply a crucial test to the claims made by 
Sterling ° and others, namely, that it is possible to induce positive skin 


reactions by injection of pollens into an allergic person. These data 


obtained at the completion of the spring treatment in April and May, 
1927 are presented in the tables. The methods employed in diagnosis 
and treatment have been previously outlined.’' They are essentially 
those in use in other Allergy Clinics and will not be repeated in detail at 
this time. 

DISCUSSION OF TABLES 

The age, sex or pollen employed has no evident effect on the results 

In table 1, twenty-three patients are considered. In all but one (case 
24+) the sensitizations are multiple and include sensitizations to graminae 
other than those employed in treatment. Asthma is one of the diagnoses 
in eighteen cases; in fact, it appears alone but once. Hay-fever is 
present in twenty-one patients and is the only diagnosis in three of thes: 
cases. All patients considered in this table are typically allergic per- 
sons, and they show a multiplicity of sensitization, thus demonstrating ; 
capacity for skin reactivity. 

In seventeen of the thirty-three observations there has been n 
increase in the degree of skin reaction over that present before treatment 
when tested at two and four week intervals after the number of injec 
tions indicated. In twelve additional instances, in which results ar 
available for but one of the two tests after treatment, there has been 1 
increase in skin sensitivity. Thus, in twenty-nine of the thirty-thre 
observations, the injection of a pollen to which the patient's reaction 
was formerly negative has failed to induce skin hypersensitivity. It 
must also be remembered that these patients have had at least one and 
most of them numerous seasons of natural exposure—inhalation—to 
these same pollens. We have previously shown '' that usually injections 
of pollen are capable of decreasing the skin reaction in one sensitive ti 
the pollen used. 

There are four instances representing four different pollens and three 
patients in whom the test two weeks after treatment was considered to 
be more positive than before treatment, but in no instance has this been 


11. Lamson, R. W.: Piness, G., and Miller, H.: Pollen Allergy: I. Skin 
Sections of Patient Before and After Treatment with Spring (Grass) Pollens, 
Am. J. M. Sc., to be published. 
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shown to be the case at the last test. These three patients had not 
received a previous injection of the particular pollen, and the data fail 
i) show that previous treatments make it any easier to induce skin 

nsitization. We believe that these four observations are well within 


limit of experimental error, and that there is no evidence in support 


Effect of Injecting Pollens to Which Patients Were not Skin Sensitive 


-revious Skin Reactionst 
Treat- Number — 
ment Treat- se 2 Weeks 4 Weeks Other 
with ments fore After After Sensi 
Pollen This Treat- ‘Treat- Treat- tiza 
Diagnoses Pollen Indicated Course ment ment tions 
A. HF. U None 16 4 
A. HF. } 
A. HF. } N Panes 
A. HF. 3: 
A } None 
A. HF. ; None 
None 
16 
None 
None 
19 
None 
None 
None 
None 
None 
17 
None 
None 
None 
None 
None 
17 
16 
None 
None 
None 
None 
None 
None 
None 
None 
A. 2 None 2 


= 
SAA 


<a 
= 
= 


* All skin tests unless otherwise indicated were made by the intracutaneous method In 
ral instances a patient was given injections with more than one pollen to which his skin 
eaction was negative, and his identification number may therefore appear more than onee in 
table. In the tables, the diagnoses in these cases are indicated by key letters which have 
© following significance: A. indicates asthma; E., eczema; HF., hay-fever, and U., urticaria 
The spring pollens are indicated as follows: A indicates Agrostis palustris (redtop): A2, Avena 
tua (wild oat): A3, Amaranthus retroflexus (rough pigweed); B, Bromus ecarinatus (Cali 
fornia Brome-grass); B3, Bromus rigidus (broneho grass); C, Cynodon dactylon (Bermuda): 
C1, Chenopodium album (lambsquarters); D, Dactylis glomerata (orehard grass); El, Elymus 
condensatus (giant rye-grass); F, Festuca californica (California fescue); F1, Festuea elatior 
meadow fescue): F8, Festuca rubra (red fescue); H. Holeus halepensis (Johnson grass): 
L. Lolium multiflorum (Australian rye-grass); L1, Lolium perenne (ray grass); L2, Lolium 
temulentum (darnel grass): N, Notholeus lanatus (velvet grass): P, Phalaris minor (small 
anary-grass); P2, Phleum pratense (timothy), and P4, Poa pratensis (Kentucky blue-grass) 
In order to demonstrate that these are truly allergic persons, we have tabulated by key letter 
the type of skin sensitizations present in each patient. -Only strongly positive reactions have 
been considered. The key letters in this column have the following significance: V., epidermal 
structures: W., spring pollens (other than those included in the antigen); X., fall pollens, and 
Y.. foods. As we have previously indicated 11 a ‘2’’ plus reaction is one that shows only a 
slight difference from the control and is considered a negative result. 

+ The reaction in patient 15 was formerly called a 2 plus (intracutaneous) and is classed 
as a negative one. The reaction in patient 61 was first marked a 3 plus to Bermuda, though 
subsequent seratch and intracutaneous tests before this course were entirely negative. Patient 
69 has been tested for three years and has never been found sensitive. In patient 14 all three 
reactions were obtained by the scratch test. Patient 67 is suffering from eezema only: the 
clinieal history in this case definitely indicates that pollen is the etiologic factor. 
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of the theory that injection of pollens to which a patient is skin negative 
will induce skin hypersensitiveness. 

In table 2 the previous reaction is indicated for each pollen men- 
tioned. These sixteen cases furnish ample evidence that it is possibie 
to decrease the skin reactivity as a result of specific treatment, and that 
after a negative reaction has been produced, subsequent injections of 
that pollen will in the vast majority of instances maintain the condition 
of “skin desensitization” rather than cause a return to the previous 
sensitive state. 
CONCLUSIONS 

1. \cquired skin sensitization to foods and horse serum seems to 
he an established fact. Proof that this is an example of the production 


Pollens 


Taste 2—Skin Reactions to 


Previous Skin Reactions 


Treat- Number — - 

ment Treat- Be- 2 Weeks 4 Weeks Other Pre 
Pa- with ments fore After After Sensi- vious 
tient Pol- Pollen This ‘Treat-  ‘Treat-  ‘Treat- tiza- Ren 


Diagnoses Indicated Course ment ment ment tions tion 


s M 3 HF.!I A | 2 4 plus 


7 F 4 <A. HE 35 3 Wess. 4 plus 
1) M it HF. 15 4 plus 
2 F 39 A. HF. 23 15 V.W.X. 3 plus 
M 48 HF 445 15 W.X. 4 plus 
(twice 

27 HF 15 17 4 plus 
F HF. F 5 w.Y. 4 plus 
38 F 39 HF Fl None 15 2 $ W. 4 plus 
9 *F A. HF. F2 None 15 V.W.X.Y. 4 plus 
12 M 2 \. HF L1 16 22 4 W.X. 4 plus 
(twice 

F 30) 12 None 20 3 V.W.X.Y. 4 plus 
F <A. HF. 16 15 Wa. 4 plu- 

6 M 31 HF N 13 16 Ww. 4 plus 
24 M @® HF 16 15 W. 4 plus 
M 2 HF. 53 2 3 V.W.X.Y. 4 plus 
3 F A.HF. H None 2 W.X. 4 plus 
2 F s6 A.HF. P I 15 2 Ws. 3 plus 


Patient 66 was previously strongly positive by scrateh test. 


of constitutional allergy is entirely lacking and is susceptible to other 


explanations. 


2. The injection of the amount of pollen commonly used for treat- 
ment is “antigenic” to the extent that it will decrease skin hyper- 
sensitivity, but it fails to induce positive skin reactions in allergic 
patients who previously have given negative skin reactions to the pollen. 
Some evidence is presented that several courses of such injections like- 
wise fail to induce skin sensitivity. 


3. It is suggested that natural exposure—inhalation of pollens—or 
injection of the same pollens or both are not the only factors necessary 
to induce skin hypersensitivity in an allergic person. 
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In January, 1921, we instituted a study of fifty unselected cases ot 
tully developed exophthalmic No specific therapeutic measures 
were employed in order to determine the natural history (spontaneous 
course) of the disease,? and to establish an index for the evaluation of 
therapeutic procedures.? From the group were excluded (a) patients 
who had thyroid enlargement without other manifestations of exoph- 
thalmie goiter * and (b) those who, with or without thyroid enlarge- 
ment, presented sympathomimetic symptoms, without significant eleva- 

m of the basal metabolism (autonomic imbalance).*” In the group 
studied, we included (1) patients with a significant elevation of metabo- 
lism on repeated readings; (2) patients whose illness was sufficiently 
severe to warrant residence in a hospital in which beds are at a great 


From the Medical and Surgical Services of the Mount Sinai Hospital. 
1. Kessel, Lieb and Hyman: Studies of Graves’ Syndrome and the Involun- 


tary Nervous System, General Introduction, Am. J. M. Sec. no 3, 165:384. 


(March) 1923. 

2. Kessel, Hyman and Lande: Studies of Exophthalmic Goiter and the Invol- 
untary Nervous System: III. A Study of Fifty Consecutive Cases of Exophthal- 
inie Goiter, Arch. Int. Med. 31:433 (March) 1923. 

3. Hyman and Kessel: Studies of Exophthalmic Goiter and the Involuntary 
Nervous System: X. The Course of the Subjective and Objective Manifestations 
in Fifty Unselected Patients Observed Over a Period of Two Years, in Whom 
no Specific Therapeutic Measures Were Instituted (“Spontaneous Course”), 
Arch. Surg. 8:149 (Jan.) 1924; Studies of Exophthalmic Goiter and the Involun- 
tary Nervous System: XIII. The Course of the Subjective and Objective Mani- 
festations of Exophthalmic Goiter in Fifty Unselected Patients. Observations 
for Five Years Without Institution of “Specific” Therapeutic Measures (“Spon- 
taneous Course”), Arch. Int. Med. 40:314 (Sept.) 1927. 

4. Kessell and Hyman: Studies of Graves’ Syndrome and the Involuntary 
Nervous System: I. Thyroid Enlargement in Individuals without Sympa- 
thomimetic Manifestations, Am. J. M. Sc. no. 3, 165:387 (March) 1923. 

5. Kessel and Hyman: Studies of Graves’ Syndrome and the Involuntary 
Nervous System: II. The Clinical Manifestations of Disturbances of the Invol- 
untary Nervous System (Autonomic Imbalance), Am. J. Med. Sc. no. 4, 165: 
513 (April) 1923; Studies of Exophthalmic Goiter and the Involuntary Nervous 
System: XV. The Diagnosis of Exophthalmic Goiter, J. A. M. A. 88:19, 1478 
(May 7) 1927. 
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premium; and (3) patients from the poorest sections of the city, who 
were subjected to constant economic strain. 

The present study is for the purpose of evaluating the efficacy of 
subtotal thyroidectomy. Since January, 1923, all patients have been 
advised to undergo operative treatment. The observations in the 
“thyroidectomy” series have been made in a manner identical with those 
in the “spontaneous” series. We had hoped to secure fifty consecutive 
patients, in order to eliminate the factor of personal choice of material. 
For reasons beyond our control, this was not possible. 

The present report brings our records up to February, 1927, the 
earliest case having been under observation for four years, and the 
most recent for nine months, the average time of observation appron1- 
mating twenty-four months. 


MATERIAL STUDIED 


One hundred and twenty-nine patients were observed. Of these, 
only 60 (47 per cent) underwent an operation. Of the 69 (53 per cent 
who were not operated on, 15 died ; 17 were rejected as desperate surgica! 
risks; 28 did so well under the preliminary ante-operative medical 
observation that they refused surgical intervention; 3 left us and wer 
operated on at other clinics; and the data on others are omitted, either 
because the patients refused to cooperate, or because their records ar 
regarded as incomplete. 


NONOPERATIVE GROUP 


Fatalities —Four of the fifteen patients (group IT, cases 2 and 1° 
group III, cases 6 and 20) who died without operative intervention, we: 
dying of an acute thyrotoxicosis when they entered the hospital ; another 
(group III, case 40) was observed for seven weeks, the predominati 
feature being a profound jaundice and cholemia resulting from a cirrhosis 
of the liver secondary to exophthalmic goiter; one (group III, case 70) 
died in a diabetic acidosis, precipitated or at least accelerated by a 
thyrotoxicosis; one (group IT, case 18), of a carcinoma of the stomach : 
one (group II, case 28), of an intercurrent leukemia and one (group [1, 
case 68), of metastases from a thyroid adenocarcinoma. In two other 
patients in the fatal group (group III, cases 48 and 72), operation was 
contraindicated by an intercurrent condition, in the one by a tuberculous 
kidney and in the other by an apical tuberculosis, a psychosis and a 
persistent thymus. Both of these patients died after six weeks in the 
hospital, during which time both were thyrotoxic and had marked cardiac 
insufficiency secondary to exophthalmic goiter. Four other patients, 
(group IT, cases 27, 38 and 51 and group III, case 25) were not seen 
until the circulatory failure (due to exophthalmic goiter) was so far 
advanced that the circulation could not be sufficiently restored to war- 
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rant surgical intervention. All of these patients were over 50 years of 
age and all had fibrillation of the auricles; one of the men (group LI, 
case 51) was, in addition, an alcoholic, and died suddenly as the result of 
a pulmonary infarct; another (group III, case 25) was a man, aged 50, 
whose basal metabolic rate fell from plus 33 per cent to O on his first 
admission to our hospital. Because of his excellent recovery, we did not 
strongly urge operative intervention. Shortly after his return home, 
he became worse and went to Bellevue Hospital, where three operations 
were performed on his thyroid gland. He returned to us, but with such 
severe decompensation that further operative intervention was contraindi- 
‘ated, and death followed shortly. 

Spontaneous Remissions—Twenty-eight patients did so well that 
they refused operation. These patients have been carefully followed, 

we have complete records of eighteen. Fourteen, or 50 per cent 
have done splendidly. They still have a few minor symptoms, but they 

economically restored, with a basal metabolic rate within normal 
its. Three still have sufficiently persistent residual symptoms to inter- 
with their usefulness at times. One patient has done badly; he 
» been advised to return for operation. In this group were several 

, although they were severely ill, made brilliant progress. lor 

example, a girl (group II, case 16), aged 24, had a basal metabolic rate 
| plus 62 per cent which fell to plus 14 per cent; in group IT, case 31, 
. girl, aged 21, had a basal metabolic rate which fell from plus 65 to 
plus 18 per cent; she did correspondingly well. Another patient ( group 
|. case +), has given birth to twins, and has stood the test of pregnancy 
splendidly ; in group II, case 64 was a man with a heart block, and a 
substernal thyroid. His basal metabolic rate fell from plus 28 to plus 
i3 per cent; he resumed his work, and for over two vears has been 
without circulatory svmptoms or the manifestations of exophthalmic 
goiter. 

Operations Elsewhere —Three patients were operated on outside ot 
our institution (group II, cases 1 and 48, and group III, case 68) ; of 
these patients, one (group II, case 1) did poorly. When last seen, 
patient 68 (group III) was economically restored and symptom-free. 
In group II, patient 48 is somewhat improved, but at his last visit he 
was not economically restored or symptom-free. 

Miscellancous.—Six other patients either were lost or their records 
were incomplete. 

Operation Contraindicated.—Seventeen patients either were refused 
operation or were told to return for operation at a later date. Of this 
group, thirteen were not operated on because they had an intercurrent 
clinical condition which required attention before the exophthalmic 
goiter. Thus, in group IT, patient 40 had syphilis and was sent for 
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treatment, but later died as a result of that condition; in group II, 
patient 50 had a mild exophthalmic goiter and an active cholecystitis ; 
in group I], patient 67 had a purulent ethmoiditis with optic atrophy 
and in group IIL, patient 28 had a chronic deforming arthritis with 
achylia, a glossitis and marked malnutrition, myocarditis and a hydro- 
thorax. Operative intervention was out of the question, particularly in 
view of the fact that the exophthalmic goiter was but a small part of the 
clinical picture; in group ITI, patient 30 had multiple infections, paro- 
nychia, cystitis and pyvonephrosis, and his resistance was so low that it 
was deemed inadvisable to attempt surgical measures; in group III, 
patient 33 had active tuberculosis, and was sent away for treatment. He 
had mild manifestations of exophthalmic goiter, despite a low-grade 
temperature, his highest basal metabolic rate being but plus 15 per cent. 
In group IIT, patient 43 was a young woman who was pregnant. Her 
basal metabolic rate fell from plus 38 to plus 20 per cent and it was 
decided to let her go through with the pregnancy first. After the birth 
ot the child, her rate fell to plus 7 per cent, and she was so well that it 
seemed meddlesome to interfere with her course. In group IIT, patient 
50 had a high grade arteriosclerosis with malnutrition, and fairly marked 
manifestations of exophthalmic goiter, the basal metabolic rate wavering 
between plus 51 and plus 37 per cent. The risk seemed much too great 
to warrant operation. In group III, patient 57 was a woman with mild 


exophthalmic goiter, who had had a nephrectomy and an oophorectomy, 


and who in addition had cystitis and cholelithiasis. In group ILI, patient 
58 was a man, aged 50, with a marked diabetes mellitus and auricular 
fibrillation. His basal metabolic rate was plus 54 per cent. By the time 
that his circulation was established and his diabetes controlled, he felt 
well enough to refuse operation, and he made splendid progress there- 
after. His last basal metabolic rate was plus 8 per cent. In group III, 
patient 59 was a woman, aged 59, with generalized arteriosclerosis, 
anginal attacks and pulmonary infarctions. In group III, patient 76 
was a woman, aged 52, who had had bronchopneumonia, and who was 
advised to convalesce in the country. Another of this group (group II, 
case 62) had had a subtotal thyroidectomy three vears previously, and 
presented a hyperplasia of the remnant. She had badly diseased tonsils ; 
the thyroidectomy was deferred, and tonsillectomy was performed. 
Following this, her basal metabolic rate fell from plus 28 to plus 13 
per cent, and we have not seen her since. In group III, patient 21 
presented one of the most unusual pictures that we have ever seen. He 
was in a typical state of thyrotoxicosis with hyperpyrexia, and was 
rejected as a surgical risk. As we have reported elsewhere,” thyroxin 


6. Kessel and Hyman: Exophthalmic Goiter and the Involuntary Nervous 
System: XI. Causes of Death with Especial Reference to Pathogenesis and 
Treatment by Thyroxin of “Acute Crises,” J. A. M. A. 84:1720 (June 6) 1925. 
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was given to him intravenously, and he made a complete recovery. He 
is now healthy and drives his truck, though auricular fibrillation persists. 
The two remaining patients (group IT, case 26 and group IIT, case 45) 
were ordered to the country for a rest before operation, and these 
patients failed to return. 

OPERATIVE GROUP 

Sixty patients were submitted to subtotal thyroidectomy. — The 

(jority of these patients were operated on by Dr. A.V. Moschcowitz. 

far as possible, all operative intervention on patients with exophthal- 

eoiter should be deferred during the heat of the summer months. 
asionally it was thought wise, however, to waive this objection, and 
those few instances the operations were performed by Dr. A. ©. 
\Vilensky. The first thirty-one did not receive compound solution of 
line (Lugol's solution) preliminary to operation; the remaining 
nty-nine were prepared with this solution. .\ comparison of the two 
ups may permit a critical analysis of subtotal thyroidectomy alone, 
i of the influence of iodides on the operative procedure. 
lital Statistics —There were thirty-eight women and twenty-two 
in this series, the ratio approximating two women to one man. The 
rage age of the patients was 35 vears. Twenty-eight of the patients, 
most half, were over the age of 35 at the time of operation. 

Immediate Postoperaitve Mortality—Seven patients died immedi- 
ately following operation, giving an operative mortality of 11 per cent. 
(Cf these, three were from the group of thirty-one who did not receive 
the iodine solution, and four were in the group of twenty-nine who were 
prepared with this solution. .\ summary of these fatalities follow. 

In group II, patient 21 was a woman, aged 35 years, with mild 
manifestations of exophthalmic goiter. Her preoperative basal metabolic 
rates were plus 31 and plus 30 per cent, her exophthalmos measured 
21/19, and her weight was 102 pounds (46.3 Kg.). She was considered 
a good surgical risk. The operation lasted fifty-one minutes, and the 
patient was returned from the operating room in excellent condition. 
Shortly thereafter she developed a thyrotoxicosis with hyperpyrexia 
to 107 F., and died. The excised gland showed a colloid struma with 
areas of parenchymatous hyperplasia. 

In group IT, patient 46 was a woman, aged 50, who had manifesta- 
tions of only a moderately severe exophthalmic goiter. Her ante- 
operative rates were plus 33 and plus 28 per cent, the exophthalmometer 
reading, 15/17, and she weighed 100 pounds (45.4 Kg.). She was also 
considered an excellent operative risk. The operation was performed 
under general anesthesia and required forty-five minutes. She had a 
thyrotoxic reaction with hyperpyrexia, and died within a few days. 


The tissue report was adenomatous goiter of the colloid type. 
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In group II, patient 54 was a man who was severely ill. Tle was 
37 years of age. For five months he was carefully prepared on the 
medical side, his basal metabolic rate falling from plus 47 to plus 30 
per cent. He was exceedingly restless and nervous, unstable and much 
worried concerning the outcome of the operation because of his respon- 
sibility to his family of small children. He was regarded as a poor 
operative risk. The operation was performed under general anesthesia 
and lasted sixty-one minutes. He had a severe febrile reaction, and died 
three days after the operation ; the excised tissue showed a colloid struma 
with some areas of hyperplasia. 

None of these three patients was prepared with compound solution 
of iodine. Of the four fatalities that occurred in patients who were 
prepared with this solution, in group IIT, patient 32 was a man, aged 33, 
who had been in the hospital twice before his last admission. On his 
second admission his basal metabolic rate had fallen from plus 30 
plus 16 per cent, and he had rested in the country before returning for 
operation. At his last admission, his basal metabolic rate was plus 63 
per cent. He was prepared with the iodine solution for eleven days 
The operation required twenty-seven minutes. He had an immediate 
reaction, the temperature rising to 105.6 F., and death occurred the 
next day. The excised gland showed a colloid struma. 

Patient 34, group TII, was a girl aged 25, who was operated on 
the same day as her sister (group IIT, patient 35), who survived and 
has made an excellent recovery. The two sisters were studied in the 
hospital for several months, during which time they did not do par- 
ticularly well, and it was thought best to send them to the country for 
the summer. On her return, patient 34 (group III) has a basal meta- 
bolic rate of plus 43 per cent. She was prepared with compound solution 
of iodine. The operation lasted fiftv-two minutes. She had an imme- 
diate febrile reaction to 106 F., and died the next day, the gland showing 
a colloid goiter with a few small areas of hyperplasia. — 

In group IIT, patient 51 was a woman, aged 36, whose basal metabolic 
rate fell from plus 65 to plus 43 per cent under the influence of rest and 


compound solution of iodine. The operation required forty-one min- 
utes. The next day the patient had a temperature of 106 F., and she 
died. Section showed colloid struma with some small areas of 


hyperplasia. 

The fourth patient who died (group III, case 67) was a woman, 
aged 49, whose basal metabolic rate fell from plus 42 to plus 18 per cent. 
She was regarded as an excellent risk, but following the operation her 
temperature rose to 105 F., and she died two days later, the tissue 
showing colloid goiter. 

Three of the seven patients were regarded as good operative risks. 
The other four were recognized as poor risks, and three of them were 
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prepared over a long period of time. The report on the tissue in all 


seven of the patients was that it showed colloid struma, and in only one 
as the gland adenomatous. 

/otal Mortality—Of the hundred and twenty-nine patients who 

rmed the basis for this study, fifteen, or 12 per cent died before 
eration could be attempted. Seven, or 11 per cent, of the operative 
es and 5 per cent of the total number of patients, died immediately 
lowing operation. Two other patients have died after their discharge 

i the hospital, one a syphilitic patient who was not operated on, and 

other a man who had been operated on; we have been unable to 

| the cause of the death of the latter. Twenty-four deaths from all 
ises have occurred in this group, or a gross mortality of 19 per cent. 

Postoperative Reactions—Practically all of the operations were per- 

med under general anesthesia, gas, oxygen and frequently under 

In the group of patients who did not receive compound solution 
«line, the average time in the operating room was forty-nine min- 
and for the group that received the iodine solution, forty-one 
utes. Postoperative reactions were experienced in twenty-eight of 
thirty-one patients who did not receive the iodine solution, and 
iwenty-five of the twenty-nine patients who were prepared with the 
ution, The average duration of the febrile reaction in the first group 

s five days and in the second group, six days. Again, in the first 

up, fourteen patients (45 per cent) had a fastigium of 103 F. or 

re, and in the second group, fourteen, or 49 per cent, had a tempera- 
of over 103 F. at one time or another. The longest postoperative 
‘cbrile reaction was ten days. Ten patients (16 per cent), five in each 
croup, suffered from paresis of the vocal cord, but of these, the condition 
s permanent in only three. 
Late Effects of Operation—Subjective Symptoms: The vast 
Jority of the patients experienced an immediate and striking relief 
rom their subjective symptoms. On discharge, twenty patients (33 per 
ent) declared themselves to be symptom-free, and remained so for the 
rst two years of observation. Asthenia, tremor, sweating and exoph- 
thalmos were the most marked of the persistent symptoms among those 
patients who were not socially or economically incapacitated. The group, 
including eighteen patients, or 30 per cent, have mild residual symptoms, 
insufficient to interfere with their livelihood. At one time or another. 
fifteen patients, or 25 per cent, had a marked exacerbation of symptoms 
sufficient to incapacitate them. 

In about two thirds of the group, however, the subjective symptoms 
were strikingly and immediately alleviated following operation ; most 
of these symptoms remained in abeyance during the two year period of 
observation in the follow-up clinic. 
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exophthalmos: The course of the exophthalmos was followed by 


frequent readings with the exophthalmometer. ‘The average readings 


on admission were between 20 and 21 mm. The readings at the last 


observation in the follow-up clime differed only within the limit of error 


of the measurement, and averaged 20.6 mm. Only four patients had a 


perceptible decrease in the degree of exophthalmos, and eleven had a 


perceptible increase. Of these eleven showing an increase in the read- 


ings, six had not received iodides, and five had been prepared for the 


operation with compound solution of todine as shown in the accompany- 


Ing table. 


WEEKS PONT = 
50: 


| 


aod WEIGHT GAINED IN PER CENT 


4 


The effect of rest, todides and subtotal thyroidectomy on the course of exopli- 


thalmic goiter. The figures to the left indicate the percentage of basal metabolic 


rate and weight gained. The dotted line indicated by * — X/ shows the tim 


spent at rest in the hospital by patients who did not receive iodide; the dash 


and dot line indicated by */ — // shows the patients who did not receive iodicd 


on whom subtotal thyroidectomy was performed; the continuous line indicated 
by X/1— X//1 shows the follow-up observations on patients who did not receiv 
iodide; the dotted line indicated by O— O/ shows the time spent at rest in th 


hospital by patients who received iodide; the dash line indicated by OJ — O// 


shows iodide plus the time spent at rest in the hospital by patients who receive: 
iodide; the dash and dot line indicated by O// — O/1I shows patients who receive: 
iodide on whom subtotal thyroidectomy was performed; the continuous line indi- 
cated by O/// — O/I” shows the follow-up observations on patients who received 
iodide; the dash line indicated by * — shows percentage of weight gained by 
patients who did not receive iodide, and the dash line indicated by O—O shows 


per cent in weight gained by patients who received iodide. 


Weight : 
Kg.). An average of 14 pounds (6.4 Kg.), or 11 per cent, was gained 
in the first vear. In the second year there was an average gain of 7 
pounds (3.2 Kg.). There was an average loss of 1% pounds (0.7 Kg.) 
among the patients who were under observation in the third year. The 
greatest gain in the first year took place in those patients who were not 


The average weight on admission was 130- pounds (59 
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prepared with the iodine solution. These patients averaged a gain of 
20 pounds (9 Kg.), or 14 per cent, whereas the others gained 8 pounds 
(3.6 Kg.), or 7 per cent. In the second year, however, the average gain 
in weight by those who were given compound solution of iodine was 10 
pounds (4.5 Kg.), or 8 per cent, and only 3 pounds (1.4 Kg.) for the 
others, as shown in the accompanying chart. 

Pulse Rate: We have commented on the difficulty of obtaining a 


basal pulse rate in patients with exophthalmic goiter. Pulse lability is 


universally present before operation, and persists to a lesser degree 
after operation. The difficulty of obtaining a basal pulse rate is great, 
and we do not regard our observations as sufficiently accurate to warrant 
publication. There is, however, no doubt that the pulse rate has fallen, 
but a lability and a certain amount of tachycardia persist. 

Cardiac Irregularities: In the operative group, cardiac irregularities 
wre extremely common in the first few days following operation. ]-xtra- 
.stoles, paroxysms of fibrillation and tachycardias of over 200 are often 

n during the course of the postoperative reaction. Two patients 

roup IT, case 39, and group IIT, case 53) developed paroxysms of 
uricular fibrillation and later permanent fibrillation during their con- 

lescence. Two patients (group II, case 10, and group III, case 54), 
| were fibrillar before operation, continued to be so, but their cardiac 
serve seemed greatly increased. 

Basal Metabolic Rate: Because of the influence of the iodides on 
he basal metabolic rate, these observations will be separated into 
iwo categories, the first dealing with the thirty-one patients who 
were not prepared with compound solution of iodine, and the second, 
vith the twenty-nine who received this solution as shown in the accom- 
panying table. 

In the patients who were not given iodine solution, the average 
metabolic rate at the time of admission to the hospital was plus 39 per 
cent. At the end of a stay averaging forty-three days, the rate had 
fallen to plus 32 per cent; this prolonged period in the hospital before 
operation was due to a persistently high rate in two patients (group II, 
cases 11 and 54). If these two are omitted, the average period is 
reduced to twenty-three days. The first postoperative metabolic rate 
was plus 6 per cent, recorded on the average thirteen days after sub- 
total thyroidectomy. After an average of thirty months’ observation in 
the follow-up clinic, the last recorded rate in twenty-seven of the twenty- 
eight survivors was plus 7 per cent. 

In addition to the last recorded rate, we have a hundred interval rate 
on these patients which also averaged plus 7 per cent demonstrating 
clearly that there was no tendency to unusual or prolonged exacerbation. 
Two of the patients had a rate below normal (group IT, case 45, minus 
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Summary of the Exophthalmometer Readings * 


AL PO L Period 
B.M. B.M. B.M. B.M. B.M. Months Section 


9 


29 


16/16 


46 Hyperplasia 
Hyperplasia 
Adenoma 

Hyperplasia 

18/18 Adenoma 

20/20 56 O Collid 

Adenoma 


‘eased Colloid and Hyperplasia 
weeks Adenoma 
42 Hyperplasia 
39 Hyperplasia 
Colloid 
Colloid and Adenoma 
Adenoma 
Adenoma and Colloid 
Hyperplasia and Adeno) 
Carcinoma 
Adenoma 


‘eased Adenoma 
Adenoma 
Adenoma 
‘eased Colloid 
29 Colloid and Adenoma 
Adenoma 
Adenoma 
Carcinoma 


Colloid 
Colloid and Hyperplasi 
Colloid 
Adenoma 
Adenoma 
Adenoma 
Adenoma 
Adenoma 
Colloid and Adenoma 
Colloid 
Hyperplasia 
Colloid 
Colloid 
Hyperplasia 
‘eased Colloid 
‘eased Colloid 
9 Colloid 
Colloid and Adenoma 
Colloid and Adenoma 
Colloid 
ColloidandHyperplasia 
2 Hyperplasia and Colloid 
16 Adenoma 


‘eased Colloid 
3 Colloid 
10 Colloid 
14 Colloid 
13 Hyperplasia 
‘eased Colloid 
11 Colloid 
3 Hyperplasia 
8 Hyperplasia 


AL 
*E indicates first reading; E . last reading .M., on admission; B.M., before cou 
AO PO 
pound solution of iodine: B.M., after Lugol's solution and before operation; B.M., 
I 


after operation: and B.M., last observation. The span is the total observation from the 
time of admission, and usually corresponds with the date of the last busal metabolic rate 
The last column on the right shows the tissue report. 
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No, Mm E 
5 4520/20 

6 35 21/21 

10 50 19/19 

11 36 021/21 

i4 | Bie .. 0 { 
44 25/25 «28/28 44 4 
29 2/92 3 .. 8% -6 8 
$2 21/21 3 80 6 
37 . 81 18/20 19/20 58 48 19 12 
39 30 189/18 42 .. 16 
41 19/19 20/2 8 .. 6 12 
43 . 42 23/93 18 .. 

49 13 19/19 a0 13 6 

5D . 82 2/25 18 0 28 
57 M. 4] 22/22 42 0 

F. 2 21/21 2/23 9 9 

56 F 16/16 16/16 45 38 4 
64 M. 20 21/21 71/21 31 36 8 
1 F. 16 23/24 1s 17 0 -—5 .. 
2 F. 2 24/26 32 38 24 o 9 
M. as 1918 19/19 65 65 32 12 30 

M 20 15/16 40 6 
13 F. 2 2/200 22/22 12 4 10 4 
14 F 48 4 #1 10 —10 —5 
22 F. 37 5 56 4 .. 8 
23 F 26 «18/18 2 0 
F % 6/96 ..... 48 $8 
35 F. 18 21/21 17/17 50 40 37 0 

$1 F. 48 16/16 17/17 50 

eae 42 F. 33 17/17 21/21 34 : 40 9 1 
49 F. 27 19 2/2 7 
51 F. 3% 20/20 ..... .. 43 

= 53 M. 38 23/25 Uw/%B OO .. 3 9 9 

M. 41 «2/22 23/8 55 . % 12 4 

Fae 55 M. 30 2/22 2/2 44 .. 48 2 1B 
él M. 47 23/24 . 380 18 —6 

77 M. 33 20/18 2/20 42 42 

71 M. 48 2/2 ..... 56 3 .. O 
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lo per cent, and group II, case 63, minus 14 per cent) without clinical 
evidence of myxedema. Four patients had a reading of higher than plus 
1S per cent at the last reading. 

In the series that were given iodine solution, the average rate on 
admission was plus 47 per cent. For an average of ten days the patients 
rested in bed, during which time there was a fall to plus 38 per cent. 
For the next two weeks compound solution of iodine, 10 minims 
(0.6 ce.) three times a day, was administered, and there was a fall in the 
rate to an average of plus 29 per cent. Following operation the average 
basal metabolic rate was plus 10 per cent, and the last rate, taken on an 

erage of sixteen months after admission, was also plus 10 per cent. 

|hree patients still have a rate higher than plus 18 per cent, the highest 

being plus 46 per cent in a woman who was having an exacerbation of 

symptoms. Six patients had minus readings, of whom only one 
up III, case 14) presents the clinical picture of myxedema. 

\ll of the basal metabolic rates were estimated for us by Dr. Herman 

le and Miss A. K. Steiner. Without their assistance, we should 
have been able to compile so completely these figures, which we 
rd as the most important of our objective observations. 

Social and Economic Restitution: The period of hospitalization 

raged six and a half weeks, and the period of economic incapaci- 

on approximated from three to four months. Following this 

ie, with the exceptions to be noted below, social and economic resti- 
tution occurred. This, as we have previously noted, is the most impor- 
tant desideratum from the standpoint of the individual patient. The 
patients who received compound solution of iodine were institutionalized 
for exactly the same length of time as the others, and they were 
incapacitated for an almost identical period. Of the fifty-three patients 
who survived operation, thirty-eight (63 per cent) have made a prac- 
tically complete recovery and have maintained their improvement over a 


period averaging two years. Fifteen patients (25 per cent) have suf- 
fered at some time from their original symptoms to a sufficient degree 


to interfere with their social and economic restitution. In the series of 
patients who were given iodine solution, one patient (group III, 
patient 3) still suffers from symptoms mostly attributable to a duodenal 
ulcer; one (group III, case 12) has had a persistence of her symptoms 
sufficient to cause incapacitation; one (group III, case 22) has cardiac 
insufficiency, and one (group III, case 41) has a psychosis. In 
group IIT, patients 42, 49 and 55 have had partial and temporary inter- 
ference with their livelihood, due to exacerbation of symptoms. In those 
patients who did not receive iodine solution, one (group ITI, case 5) had 
a persistent tremor that interfered with manual work; one (group II, 
case 10) had a persistence of the auricular fibrillation which prevented 
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him trom working for eight months; one (group II, case 11) had a 
persistence of symptoms and a psychic instability that caused intermittent 
periods of incapacitation ; one (group II, case 30), though there was a 
persistence of symptoms for about a year, is now doing tairly well, and 
another (group II, case 39) had a complete recurrence, after two years 
of relief, with hyperplasia of the remnant of the thyroid. The patient 
was readmitted to the hospital, but refused to submit to further opera- 
tion, and is economically incapacitated. In group Il, patient 45 had 
persistent symptoms for about a year, and is now doing well; patient 53 
has had persistent and incapacitating symptoms for thirty months, up 
to the present time. <\fter four vears of convalescence, patient 6 
(group II) developed a temporary exacerbation, which has now quieted 
down. In group II, patient 23 died two vears after operation. 

In the patients who survived the operation, the majority were socially 
and economically restored within five or six months following admission 
to the hospital, and they have maintained this improvement after their 
return to the wear and tear of metropolitan life. 

Histology: Because of the effect of compound solution of iodine 
on the histology of the thyroid, we shall speak again of the two classifi- 
cations of patients, that is, those who received iodine solution, and those 
who did not. 

Twelve of the patients who were not given iodine solution, had 
thyroid adenoma characterized by varving degrees of hyperplasia. ‘The 
age of these patients averaged 36 years, the basal metabolic rate was 
plus 36 per cent, and there were eight women and four men in this 
subgroup. Seven of the twelve presented clear-cut exophthalmos, the 
reading being over 18/18. Except that the average exophthalmometer 
reading was slightly less than that for the remainder of the group, all 
of the other clinical features were identical with those of the non- 
adenomatous group, and these figures furnish no reason for believing 
that there is a clinical pathognomic picture of thyroid adenoma. Nine 
patients presented diffuse hyperplasia, and nine diffuse colloid goiters. 
ne patient presented the histologic picture of carcinoma, but she had 
none of the clinical features of malignancy and no evidence of recurrence 
or metastases. This serves again to emphasize the hazard of making the 
diagnosis of malignancy from the histologic appearance of the thyroid 
gland. Of the three patients who died, two had simple colloid goiters 
and one an adenomatous gland with colloid. In none of the three fatal 
cases was the so-called characteristic hyperplasia the predominating 
histologic picture. 

Fight of the patients who received iodine solution had adenomas of 
the colloid type. The average age of these patients was 34, the basal 
metabolic rate was plus 45 per cent, and the exophthalmos measured the 
same as that of those in the nonadenomatous group. In their response 
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to iodine solution, four of the eight patients had a striking fall in the 
rate; this was as satisfactory as the response in the nonadenomatous 
vroup. Neither in their clinical appearance nor in their response to the 
iodides did the patients with adenoma differ from the whole group. 
None of them suffered an exacerbation of symptoms on the exhibition of 
the iodides. Seventeen patients had a simple colloid gland, and all four 
oi the fatalities occurred in this group. Despite the administration of 
dine solution, four patients presented a gland in which there was char- 
eristic hyperplasia, and these patients did at least as well as the 
rage. 
\ recapitulation of these observations indicates that in twenty of the 
iy operative cases the patients had adenomas, and that these patients 
not differ from those in the nonadenomatous group either clinically 
in their response to the iodides. Of the seven patients who died, one 
an adenoma and six had a simple colloid goiter. None of the 
‘ients died who presented the histologic picture of hyperplasia. 
Che Effect of Compound Solution of Iodine: Following a period of 
days of hospitalization, compound solution of iodine in doses of 
minims (0.6 cc.), three times a day, was administered to the patient 
the last twenty-nine reported operative cases. In fourteen there was 
erceptible and striking therapeutic result. Four of the eight patients 
‘h adenoma showed marked decreases in the metabolic rate; in one, 
rate fell from plus 65 to plus 32 per cent; in another, from plus 26 to 
is 6 per cent; in a third, from plus 30 to plus 6 per cent, and in a 
urth from plus 70 to plus 38 per cent. 
In the twenty-one patients who did not have adenomas, there was a 
rikingly good result in ten. Some of the changes were from plus 25 | 
» plus 6 per cent, from plus 74 to plus 26 per cent, from plus 65 to 
plus 43 per cent, from plus 90 to plus 37 per cent, from plus 55 to plus 
25 per cent, from plus 76 to plus 30 per cent, from plus 42 to plus 18 
per cent, from plus 42 to plus 14 per cent and from plus 57 to plus 5 per 
cent. The remaining patients showed practically no effect from the 
administration of iodine solution. Two patients had a slight exacerba- 
tion of symptoms while the solution was being administered. Neither 
of these patients had adenoma. Both stood the operation well, and 
they have done well since. Whether the exacerbation was the result of 
the iodides or not, is debatable. 
SUMMARY 
1. One hundred and twenty-nine patients have been studied in 
order to determine the effect of subtotal thyroidectomy on the course of 
exophthalmic goiter. 
2. Sixty-nine patients were not submitted to operation because of 
factors beyond our control. 
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3. Sixty patients had subtotal thyroidectomy, thirty-one of whom 
did not receive preliminary preparation with iodide. 

4. A comparison of the two groups affords an evaluation of the 
efficacy of the iodides. 

5. The immediate postoperative mortality in the group was 11 per 
cent. The total mortality in the entire group was 19 per cent. The 
effect of the operation on the subjective and objective observations and 
on the social and economic restitution of the patients is discussed. 

6. The relationship between the histologic appearance of the gland 
and the clinical observations and the effect of the iodides is discussed. 


7. The purpose of this paper is to furnish the data by which a com- 
parison can be made between the course of the disease when observed 
without the institution of specific therapeutic measures and when sul)- 
total thyroidectomy and iodides are used.’ 


7. Hyman and Kessel: Studies of Exophthalmic Goiter and the Involuntary 
Nervous System: XVII. The Management of Patients Suffering from Exoplhi- 
thalmic Goiter, to be published. 
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WATER METABOLISM 


V. EFFECT OF VARYING DEGREES OF HYDRATION ON 
SUGAR METABOLISM * 


EDMUND ANDREWS, M.D. 
AND 
KARL W. SCHLEGEL 
CHICAGO 


In a previous communication,! it was shown that the relative hydra- 
ion of the organism had a profound effect on the sugar metabolism. 
ne-half unit of insulin per kilogram of body weight was injected 
dogs in varying degrees of dehydration, the hypoglycemic effect 
not only intensified, but it was also materially prolonged. This 

cr consists of further studies on the subject. 

[he experiments were repeated on diabetic dogs. We used not 

ly dogs with complete diabetes, but also a dog in which the diabetes 

s not complete, so that he was able te remain in fairly good health 
for several months without the use of insulin, except as it was required 

* the experiments. The blood sugar estimations were made by the 
method of Folin-Wu.? 

Chart 1 is a control showing the normal curve of a diabetic animal. 
The noontide hypoglycemia which has already been studied and 
‘eported * in clinical cases of diabetes is clear. Chart 2 shows the effect 

the injection of one unit of insulin per kilogram of weight in the 

orning, if the dog is hydrated by the administration of large amounts 
of fluid. The animal shown in this curve received (weight 6 Kg.) 
450 cc. of 6 per cent sodium chloride solution subcutaneously and 80 
cc. intravenously, and was made to drink 500 cc. of water. It is evident 
that if insulin has any effect in this case, it is slight. The curve is 
essentially like that of the control without insulin. In fact, the return 
to the hypoglycemic condition is slightly more rapid than in the dog 
who did not receive insulin. In most diabetic animals there is a condi- 
tion of anhydremia due to the diureses, but in this case the dog chosen 
had a mild diabetes, was not very sick and not dehydrated. 

The effect of dehydration on the insulin curve of a diabetic animal 
is even more marked. Chart 3 illustrates three such experiments. In 

* From the Department of Surgery, University of Illinois College of Medicine. 

1. Andrews, E.: Water Metabolism, IV, Arch. Int. Med. 38:136 (July) 1926. 

2. Byrd, B. T.: Micro-Folin-Wu Method of Quantitative Blood Sugar 
Estimation, using One-tenth of One Centimeter of Blood, J. Lab. & Clin. Med. 11: 
67 (Oct.) 1925. 

3. Jonas, L.: All Day Blood Sugar Curves, Arch. Int. Med. 35:289 (March) 
1925. 
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Chart 1—Control curve of a depancreatized dog (control). 
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Chart 2.—Curve oi a depancreatized dog that weighed 6 Kg. The animal 
was hydrated by the administration of 450 cc. of 0.6 per cent solution of sodium 
chloride, subcutaneously and 80 cc. intravenously and 500 cc. of water by mouth. 
One unit of insulin per kilogram of body weight was given subcutaneously. 
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each case the hypoglycemic effect of the administration of one unit of 
insulin per kilogram of body weight is tremendously exaggerated. 
\iter the period when there is generally a sharp upward bend in the 
control curves, the fall in blood sugar continues steadily and rapidly 
and lasts until the late evening at least. In curve A it is striking to note 
the eftect of a small drink of water in bringing about a rise in the blood 
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Chart 3.—Curve of dehydrated dogs given 1 unit of insulin per kilogram of 
ody weight. A represents the curve if a depancreatized dog that drank little 
water; B, the curve of a dog that did not drink water for eighteen hours before 
the experiment; the animal urinated during the eighteen hours, 225 cc. at each 
time; C is the curve of the third dog. Note the rise of the curve after the 
dog drank a little water. 


In a former paper by one of us (E. A.), it was suggested that other 
actors than the insulin might be the cause of these phenomena, but the 
following experiment (chart 4) shows clearly that the explanation 
must be sought in the physiologic mechanism of the action of insulin 
and not in any other factors. Attempts were made to modify the daily 
curve of the blood sugar by varying the hydration of the tissues in 
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diabetic dogs. Dogs that had complete diabetes were used. They were 
dehydrated by diuresis, and this dehydration was increased by depriva- 
tion of water for twenty-four hours. Other dogs were allowed to 
drink all the water they wanted, and in addition, were given large 
amounts of physiologic sodium chloride solution hypodermically. The 
resultant curves were essentially the same. It is clear, therefore, that 
variations in the sugar curves occur only after injections of insulin. 
Normal animals also were tested, and variations were not found in 
the daily blood sugar curve (chart 5). These results show that the 
variations in the action of insulin are not due to any change in the 
production of insulin by the pancreas in the varying degrees of hydration. 
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Chart 4—Curves of the depancreatized dogs that were not given insulin. 1 
represents the curve of the dog (control) that was not given food or water for 
twenty-four hours; B, the curve of the dog (control) that was hydrated by 
the administration of 70 cc. of water by mouth and 430 cc. of 0.6 per cent sodium 


chloride solution subcutaneously. 


COMMENT 


The literature on conditions which influence the action of insulin is 
not large. Cajori‘* and others report a series of investigations in which 
by relatively slight changes in the blood supply of limbs of patients, the 


4. Cajori, F. A.; Crouter, C. S., and Pemberton, R.: Effect of Circulation 
Changes on Carbohydrates Utilization, J. Biol. Chem. 66: (Nov.) 1926. 
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carbohydrate utilization was markedly affected. Bartlett ° investigated 
the average fall in blood sugar after the administration of 10 units of 
insulin to human beings. In normal persons the average fall was 28 
points; in subjects who were emaciated and underweight it was 59 
points and in diabetic persons, 70 points. Kahn® has. made similar 
observations. The results of these experiments closely parallel our 
observations. In 1922, Joslin? noted that patients weakened by diarrhea 
are subject to hypoglycemic reaction. In a study of the treatment of 
marantic infants with insulin, Tisdall and others* report that in such 
subjects the effect on the blood sugar was extremely variable, and often 

fall in the blood sugar did not occur. The important studies of Schiff 
and Choremis ® also are of interest in this connection. They found that 
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Chart 5.—Curves of normal dogs. A represents the curve of a normal dog 
(control) that did not receive water for thirty-six hours nor food for eighteen 
hours; B, the curve of a dog (control) that was hydrated by the administration 
of 200 cc. of 0.6 per cent sodium chloride solution subcutaneously, 80 cc. intra- 
venously and 140 cc. of water by the mouth. 


5. Bartlett, W. M.: Effect of Hypodermic Injection of Insulin on Fasting 
Blood Sugar of Normal and Diabetic Subjects in Relation to Percentage of 
Normal Weight, J. Lab. & Clin. Med. 12:115 (Nov.) 1926. 

6. Kahn, S. H.: Reduction of Blood Sugar by Means of Insulin, Boston M. 
& S. J. 191:161 (July 24) 1924. 

7. Joslin; Gray, and Root.: J. Metab. Research, 2:161, 1922. 

8. Tisdall, F. C.; Drake, T. G., and Brown, A.: Carbohydrate Metabolism 
of the Marantic Infant, Am. J. Dis. Child. 30:829 (Dec.) 1925. 

9. Schiff, E., and Choremis, C.: Insulin and Experimental Alkalosis, 
Deutschr. Med. Wehnschr. 52:1732 (Oct. 8,) 1926. 
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the administration of sodium bicarbonate in doses large enough to 
produce a definite alkalosis caused a definite inhibition in the action of 
insulin. They also showed *° that the hypoglycemia of fasting was 
prevented by the administration of large amounts of fluid. These 
phenomena are interesting in view of the enormous amount of recent 
literature on fevers in the new-born and on dehydration fevers in 
children, as hypoglycemia has been reported in both conditions. Thi 
assumption by these authors that alkalosis is a factor in such conditions, 
however, does not rest on a firm basis and is contrary to the experience 


of most clinicians. In fact, Collip’! has shown that hypoglycemia 
caused by insulin is accompanied by marked acidosis and even by 
ketonuria. Roche and Roche ** report marked changes in the amount 
of glycolysis due to variations of the py of the blood, and conclude that 
the glycolytic enzyme is sensitive to such changes, but MacLeod ?* has 
made elaborate investigations which render it extremely improbable that 
insulin is concerned in glycolysis. 

The more recent work of Lawrence ** supports this view. He has 
demonstrated that injection of standard doses of insulin into diabetic 
patients causes different reactions according to the activity of the 
patient. If he is actively exercising, the hypoglycemic effect will be far 
more marked than if he is at rest. Lawrence’s observation that the 
action of insulin is greatest in debilitated patients accords with our 
observations and those of Bartlett.° He thinks that it is greatest when 
the stores of glycogen in the liver are exhausted. These facts can fit in 
only with the assumption that the action of insulin is that of building 
up, not of burning, carbohydrate. If insulin is to be considered as a 
glycogen maker, as is now generally believed, the mobilization of sugar 
for consumption is seen to be the important factor in the regulation of 
the blood level. Lawrence’s theory that there is direct antagonism of 
the secretions of the suprarenal and the thyroid glands to the action of 
insulin, however, cannot stand up so well against many of the data 
given in the literature. 

10. Schiff, E., and Choremis, C.: Exsiccation and Carbohydrate Metabolism 
Jahrb. f. Kinderh. 114:42 (Sept.) 1926. 

11. Collip, J. B.: Occurrence of Ketone Bodies in Urine of Normal Rabbits 
in a Condition of Hypoglycemia Following the Administration of Insullin, J. Biol 
Chem. 55:38, 1923. 

12. Roche, A., and Roche, J.: Psu Concentration and Glycolysis, Hospitalstid 
69:985 (Oct. 14) 1926; abstr. J. A. M. A. 

13. Eadie, G. S.; MacLeod, J. J. R., and Noble, E. C.: Insulin and Glycolysis, 
Am. J. Physiol 65:462 (Aug.) 1923. Hepburn, J.; Latchford, H. K.; McCormick, 
N. S., and MacLeod, J. J. R.: Sugar of Arterial and Venous Blood During 
Action of Insulin, Am. J. Physiol. 69:555, 1924. 

14. Lawrence, R. D.: Action of Insulin in Glycogen Formation, Quart. J. Med. 
20:69 (Oct.) 1926. 
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There are also grave doubts concerning the presence of the factor 
ot catabolism of sugar in muscles in diabetes. Beattie and Milroy ™ 
report almost no difference between the muscles of normal and of 
diabetic patients in this respect. Lange’s 
belief. He was not able to detect marked differences in the sugar 


*® work also tends toward this 
ietabolism of the muscles of normal and of diabetic patients in the 
production of lactacidogen.  Griffith’s‘* experiments showed that 
pinephrine also had no effect on the lactic acid or total acid product 
ly muscle and probably therefore on the utilization of carbohydrate. 
It is common knowledge that the action of insulin is prevented by 
iections. In the treatment of diabetes, the intervention of a boil, 
sungrene or a respiratory infection will often cause the complete loss of 
rbohydrate tolerance in spite of large doses of insulin. Cardio- 
scular disturbances also are known to give rise to resistance to the 
tion of insulin. This was first called to our attention by Wilder.’® 
e mechanism of this inhibition has never been understood. The 
vestion by Schiff and Choremis that alkalosis is a factor cannot 
ll be accepted, as it is well known that in many of these conditions 
dosis is the rule. It also is the experience of most surgeons that 
ere may be failure of the action of insulin in the absence of acidosis 
cn comparable to that observed in patients with severe diabetes who 
ict promptly to insulin. Lawrence *® has said that toxemias will 
hibit the hypoglycemic effect of insulin. He used diphtheria antitoxin 
lis experiments. We have been unable to confirm these results. Chart 
shows the effect on the insulin curve of the injection of a number of 


‘xie substances. These include suppurative material of several kinds. 


\\'e purposely included the material from limbs rendered gangrenous by 
ligation of a vessel as a parallel to diabetic gangrene. Bacillus coli and 
staphylococcus cultures also failed to inhibit the effect of insulin, except 
1 enormous doses such as give rise to severe anaphylactic shock. In 
several cases we used toxins of various sorts of such overwhelming 
iture as to cause death in from three to four hours, but inhibition 
of the insulin hypoglycemia could not be demonstrated. 

15. Beattie, F., and Milroy, T. H.: Role of Phosphates in Carbohydrate 
Metabolism, J. Physiol. 62:174 (Dec. 10) 1927. 

16. Lange, H.: Lactacidogen Metabolism in Diabetic Muscle, Arch. f. exper. 
Path. u. Pharmakol. 113:115 (Nov.) 1926. 

17. Griffiths, F. R.: The Metabolic Effect of Adrenalin on Frog’s Muscle, 
\m. J. Physiol. 65:15 (June) 1923. 

18. Wilder, R. M.: Clinical Assaying of Insulin and the Insulin Requirement, 
Endocrinology 8:630 (Sept.) 1924. 

19. Lawrence, R. D.: Inhibition of Insulin Action by Toxemias, Brit. M. 
J. 11:983 (Nov. 27) 1926. 
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Chart 6—The effect of various toxic substances on the insulin curve of 
normal dogs; insulin was given in all cases at O time. J is a curve showing 
the effect of one-half unit of insulin per kilogram of body weight and 100 mg. 
of B. coli given intravenously at the point indicated by the asterisk. The dog 
died. 2 is a curve showing the effect of one-half unit of insulin per kilogram 
of body weight and 1 cc. of extract of necrotic skin, only proteins; 3, the effect 
of one-half unit of insulin per kilogram and 1 cc. of whole extract of necrotic 
skin; 4, the effect of one-half unit of insulin per kilogram and 1 cc. of whole 
extract of necrotic skin given intravenously; 5, the effect of one-half unit of 
insulin per kilogram and 0.5 Gm. of cholesterin given intravenously; 6, the effect 
of one-half unit of insulin per kilogram and 0.5 cc. of heavy culture of dead 
staphylococci; 7, the effect of one-half unit of insulin per kilogram and 0.5 cc. of 
whole pus taken postoperatively from a dog with empyema; 8, the effect of one- 
half unit of insulin per kilogram and all of the iodized oil from 300 cc. of pus 
taken postoperatively from a dog with empyema, injected intravenously in 
2 cc. of watery emulsion and 9, the effect of one-half unit of insulin per 
kilogram and 0.5 Gm. of cholesterol given one hour before the experiment. 
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Injections of cholesterol in enormous doses were also tried, as we 
thought that the hypercholesterinemia of vascular disease might be a 
factor, but, as can be seen, their effect was nil. In this connection it is 
interesting to note Mahler's *° experiments, which show that insulin 
prevents the hypercholesterinemia of ether anesthesia but has no effect 
on that of diabetes. 

What, then, 1s the explanation of the phenomenon with which this 

rticle is concerned? The only clue to the problem yet discovered is in 
work of Foster.** He showed that if a given amount of sugar is 

| to a patient, there is a definite rise in the blood sugar; but that if 
dose 1s repeated within a short period, this rise is much less and 
nis absent. In fact, an actual hypoglycemia may result. He also 
wed that there is a marked hypoglycemia following the initial rise 
iter the ingestion of large doses of dextrose. He explains these 
ctions on the basis that the carbohydrate metabolism has been 
eded up by the first dose and is going on at such a rate that the second 


e is easily stored or consumed without giving rise to hyperglycemia. 


is well known that in dehydrated animals the metabolism is speeded 

; not only is the metabolic rate higher, but all the metabolic changes 

: proceeding at a higher rate. Nitrogen waste is also increased. One 

ight therefore assume that in our animals the consumption of carbo- 
liydrate was already proceeding at a higher rate in the dehydrated dogs, 
and therefore the fall in blood sugar was more marked. 

Finally, in this connection, it is interesting to note the fact recently 
observed by Olmsted,?? Edwards ** and many others that insulin has the 
cifect of markedly concentrating the blood. This secondary action, of © 
course, acts as a marked adjuvant to its hypoglycemic function. 


CONCLUSIONS 


1. In diabetic animals the hypoglycemic effect of insulin is enor- 
nously exaggerated and prolonged in anhychemia and lessened or 
abolished in hychemia. 

2. In normal and diabetic animals, hydration or dehydration has no 
effect on the daily blood sugar curve unless insulin is injected. 


20. Mahler, A.: Blood Cholesterol During Ether Anesthesia, J. Biol. Chem. 
69:653 (Aug.) 1926. 

21. Foster, G. L.: Studies in Carbohydrate Metabolism, II. J. Biol. Chem. 
55:303 (April) 1923. 

22. Olmsted, M. D.: Effect of Insulin on Blood, Am. J. Physiol. 69:137 
(June) 1924, 

23. Edwards, D. J.: Production of Anhydremia with Insulin, Am. J. Physiol. 
70:273 (Oct.) 1924. 
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3. Intoxications of various sorts do not have an inhibitory effect on 
the action of insulin, 


+. A possible explanation for these phenomena is offered, but further 
work on the subject is highly desirable. 


5. The degree of hydration of the body must be considered in the 
use of insulin, especially in diabetic subjects, in order to avoid hypo- 
glycemic reactions. 


- 


MATERIAL FROM LYMPH NODES OF MAN 


II. STUDIES ON LIVING AND FIXED CELLS WITHDRAWN 
FROM LYMPH NODES OF MAN * 


CLAUDE ELLIS FORKNER, M.D. 


BOSTON 


In a previous paper I described a simple method for obtaining living 
ells from lymph nodes or tumors. 

Particular stress has been placed on the study of living cells, 
cause one not only obtains from them a true cytologic picture, but 
'so can observe them in their physiologic behavior to altered environ- 
ental conditions. Apparently most of the work on the pathology of 


ivmph nodes has been concerned chie‘ly with their altered architecture 


nd their grosser histology. Dr. George R. Minot suggested to me 
at a study of the fresh cells of lymph nodes might be worth while, 
nd from former work I believed that a closer scrutiny of cell organs, 
ich as mitochondria specific granules, segregation bodies and other 
toplasmic and nuclear structures, not only in fixed preparations, but 
o with special reference to the pathologic physiology and histology of 
ese organs in living cells, might provide valuable information. It 
was with the idea of studying living cells freshly drawn from diseased 
ssue that the studies of pathologic lymph nodes reported here were 
indertaken. Further studies on the cytology of tumors is in progress 
ind will be presented at a later date. 


MATERIAL STUDIED 


The method described* has been applied to the study of thirty 
ases* of lymph node disease in which thirty-eight punctures were 
performed. Twenty-three patients have had punctures of their lymph 
nodes; the remaining cases were studied by puncture of biopsy 
material. A pathologic report was made on the sectioned tissue in all 
hut six cases and two of these showed the classic blood picture of 
chronic lymphatic leukemia. In most instances the sections were 


* From the Medical Service of the Collis P. Huntington Memorial Hospital 
of Harvard University. 

1. Forkner, C. E.: A Method to Obtain Material by Puncture of Lymph 
Nodes for Study with Supravital and Fixed Stains, Arch. Int. Med., p. 532, this 
issue. 

2. Some of these cases were studied at the New England Deaconess and New 
England Baptist Hospitals. 
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studied by Dr. J. Homer Wright. A few reports were made by Dr. 
Lawrence W. Smith. These pathologic reports, together with my studies 
on many lymph nodes obtained from fresh autopsies in which there 
was no apparent pathologic process of the lymphatic system, have 
furnished adequate controls. 


NORMAL LYMPH NODES 


The cellular content of normal retroperitoneal and deep cervical 
nodes showed similar cytologic characteristics, which were practically 
constant in all the cases studied. The picture was dominated by the 
presence of many lymphoid cells, which comprised about 90 per cent, 
and which were found in various stages of development. Almost all 
of these cells were small and had round nuclei and moderate amounts 
of cytoplasm * (fig. 1). The cytoplasm usually did not contain struc- 
tures staining with neutral red. Most of the cells had a few small 
globular or rod-shaped mitochondria, which frequently were grouped in 
one or two colonies in the cytoplasm near the nucleus. The mito- 
chondria stain a delicate bluish green with the janus green. These 
cells were undoubtedly immature lymphocytes, for as Sabin* has 
pointed out, the mature lymphocyte almost invariably contains one or 
more cytoplasmic structures staining with neutral red, is small and 
has a narrow cytoplasmic ring containing grouped perinuclear mito 
chondria. Although many of these cells tend to show a grouping of 
the mitochondria, which characteristic is considered evidence of matura- 
tion and differentiation toward the adult cell type, there are a large 
number in which these Altman bodies have no characteristic distribution, 
but are diffusely scattered throughout the cytoplasm. Cunningham, 
Sabin and Doan® have shown that those lymphoid cells which do not 


possess neutral red bodies, and which possess mitochondria, either 


diffusely scattered or with a beginning grouping around the nucleus, 
are best considered as lymphoblasts. 

The cells of the lymphoid series comprised over 90 per cent of all 
the cells present in material obtained by puncture of normal lymph 


3. The figures which accompany this paper have in some instances been made 
from fixed preparations rather than from supravitally stained ones. This is 
because it was often impossible to secure the services of the artist when the 
living cells had just been withdrawn, which is the best time to observe them. 

4. Sabin, F. R.: Studies on Living Human Blood Cells, Bull Johns Hopkins 
Hosp. 34:277, 1923. 

5. Cunningham, R. S.; Sabin, F. R., and Doan, C. A.: The Development of 
Leucocytes, Lymphocytes, and Monocytes from a Specific Stem-Cell in Adult 
Tissues, pub. 361, Contribution to Embryology, 84 Carnegie Inst., Washington, 


1925, p. 227. 
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nodes. The remaining cells, approximately 10 per cent, were made up 
of reticular cells, fibroblasts, macrophages, occasional histogenous mast 
cells, occasional polymorphonuclear ieukocytes and another cell the 
identity of which I have not yet determined. 

The reticular cells found in bone marrow and lymph nodes have 
been studied by Cunningham, Sabin and Doan.®° They described these 
cells as occurring characteristically in groups and having irregular 
cytoplasmic borders, the cytoplasm appearing like smooth ground glass, 

| containing no structures staining with neutral red or janus green. 

hey regard these cells as the precursors of all the white blood cells. 
in the films which I have studied of living cells from normal lymph 
nodes, these reticular cells were found in small numbers, varying from 
5 to 4 per cent. The cytoplasm usually was nongranular, and its 
borders could be defined only with scrutiny. The nucleus was large, 
il or round, with the chromatin rather diffusely scattered (fig. 2). 
In studying many smears of normal lymph nodes, cells were found 
quently which resembled fibroblasts in all of their characteristics. 
hey were usually elongated cells with an oval nucleus and branching 
toplasm containing few or no granules. Delicate mitochondria stain- 
» a light blue were seen occasionally in the cytoplasm. 
Another cell which was seen in relatively small numbers in lymph 
les is the characteristic clasmatocyte or macrophage. Normally, these 
ils are scarce, but in certain pathologic cases to be mentioned later, 
ey occur in considerable numbers. These clasmatocytes were con-’' 
picuous by their large size and by the presence in their cytoplasm of 
huge granules or vacuoles staining with natural red. The granules or 
vacuoles varied markedly and increased perceptibly in size with longer 
exposure to the neutral red. The vacuoles varied in their coloring; 
some of them were a bright red giving the acid reaction of the dye, while 
others were more of an orange yellow, giving the basic reaction. Neutral 
red is not only a specific stain for these cytoplasmic vacuoles, but it also 
enables one to tell something of their reaction, for the granules on the 
acid side of py 6.8 are stained red, while those on the basic side of pu 7.8 
are stained yellow or orange. The clasmatocytes or macrophages fre- 
quently showed changes in shape and exhibited some degree of motility, 
although the number and size of the vacuoles apparently was not 
dependent on this factor. Mitochondria were not conspicuous in these 
cells, but on careful observation one could see them scattered diffusely 


in the cytoplasm, appearing as delicate filaments and rods staining lightly 
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with the dilute janus green. The nuclei are usually round and do not 
stain in supravital preparations. 

Normal lymph nodes sometimes showed typical histogenous mast 
cells which could not be confused with any other type of cell found. 
They were characterized by an abundance of deeply basophilic granules 
of equal size which filled the cytoplasm and tended to obscure the small, 
centrally placed, round nucleus. These cells were not numerous, but it 
must be borne in mind that they do occur in normal lymph nodes of man. 

Occasionally one sees also the typical active, migrating neutrophilic 
polymorphonuclear leukocytes with fine refractive granules of equal size, 
staining lightly a delicate orange, or :f the dye is dilute, there may be 
no perceptible staining. These cells may or may not contain one or sev- 
eral reddish vacuoles in their cytoplasm. 

It is of interest to note at this point that in nodes obtained at autopsy 
it was not possible to identify definitely monocytes or the so-called endo 
thelial leukocytes. The supravital technic is an admirable method for 
the identification of these cells, it would seem from the evidence at hand 
that normally they have no place in lymph nodes. This point has been 
particularly noted because of the existing controversy about the origin 
and presence of monocytes in lymph nodes.° 

At times I found still another cell in apparently normal lymph nodes 
This cell was large and possessed one or more nuclei. Jt was con- 
spicuous by the presence of very large refractive granules which were 
considerably larger than the specific granules of polymorphonuclear 
eosinophilic leukocytes, and which did not stain with vital dyes. The 
cells were irregular in shape and varied in size from that of a large 
neutrophil to a cell several times as large. The large granules did not 
increase or decrease in size, tended to fill the whole cytoplasm and were 
soluble in both water and alcohol. Their origin or their place in the 


histology or physiology of lymph nodes is not clear, and further study 


is required on this point. 


PATHOLOGIC LYMPH NODES 


The term lymphoblastoma (Mallory) is used in this paper to include 
the following conditions sharply separated from each other by certain 
pathologists; lymphatic leukemia, lymphosarcoma, Hodgkin’s disease 
and aleukemic lymphatic leukemia (pseudoleukemia). 


6. For a further discussion on the origin of the monocytes in lymph nodes 
the reader is referred to the article of McJunkin, F. A.: Origin of Mononuclear 
Phagocytes of Peritoneal Exudates, Am. J. Path. 1:305, 19235. 
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Table 1 gives a list of the conditions studied, together with the 
diagnoses * made in the clinic, those made by routine pathologic section 
and those made by puncture. The diagnoses arrived at from study of 
material obtained by puncture was made prior to learning the diagnoses 
made from the sectioned tissues. 


BENIGN HYPERPLASIA 

The cases which showed least variation from normal were simple 

perplastic nodes resulting from nearby infection with common organ- 

s. Many nodes have been examined which were enlarged as the 
result of a terminal septicemia and many others near the hilum of the 
lung. Such cases did not present an abnormal percentage of immature 
pical cells, nor did the proportion of cells found vary from that of 
normal node except for the presence of many more of the polymor- 
muclear leukocytes. The latter cells were easily recognized by their 
tologic characteristics and by their active motility in fresh prepara- 
us... There was not the preponderance of young cells showing evi- 
nce of rapid proliferation which one finds in lymphoblastoma. 


LEUKEMIA 
Leukemia, lymphatic leukemia and aleukemic leukemia probably can- 
ot be differentiated by material obtained from puncture of lymph nodes, 
1 in both of these conditions the pathologic process is well known to 
entirely similar. However, if one observes the lymphoid cells care- 
ully in these conditions, it is apparent that although they are the size: 
adult lymphocytes, there is an absence of the other characteristics of 
cellular differentiation so evident in cells of normal lymph nodes. Only 
a few of the cells in the leukemic nodes contained any grouping of the 
mitochondria, and almost none of them contained the cytoplasmic gran- 
ules staining with neutral red. The nucleus was also characterized by 
a diffuse scattering of the chromatin rather than by an aggregation in 
masses as occurred in a large proportion of the normal lymph node cells. 
In lymphatic leukemia, with or without a leukemic blood picture, cells 
obtained by puncture were of a more or less uniform immature type in 
distinction to the greater number of more differentiated cells of normal 
lymph nodes. This is also to be observed in sections of fixed tissue. 


7. When a diagnosis was rendered in a name different from that used in this 
paper it has been given here in the terminology adhered to in this communication. 

8. Excellent descriptions of living blood cells stained by the supravital method 
are given in the articles of Sabin and Simpson referred to in the bibliography 
of this and the preceding paper. 
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Taste 1.—Data Concerning Cases Studied by 
Biopsy t 
Puncture 
Preliminary Diagnosis or 
Case Pathologie Clinical Dy Clinical 
No. Age Sex* Diagnosis Diagnosis Puncture Puncture 
1 i ef Lympho- Lympho- Lympho- Clinical 
blastoma blastoma blastoma 
(Hodgkin's) (aleukemie (leukemia) 
leukemia) 
2 36 OS Doubtful Lympho- Lympho- Biopsy 
blastoma blastoma 
2o¢ Lympho- Lympho- Hodgkin’s Clinical 
blastoma blastoma 
Hodgkin's 
64 Lympho- Lympho- Hodgkin's Clinical 
blastoma blastoma 
(sclerosing %) 
) 29 Lympho- Lympho- Hodgkin’s Clinical 
blastoma blastoma 
(Hodgkin's) 
37 Lympho- Lympho- Hodgkin's Clinical 
blastoma blastoma 
(sclerosing 
Lympho- Lympho- Lympho- 2 Clinical 
blastoma blastoma blastoma 1 Biopsy 
(rapidly (rapidly 
growing) growing) 
5 36 Co Lympho- Lympho- Hodgkin’s 1 Clinical 
blastoma blastoma 1 Biopsy 
( Hodgkin's) 
) 9 Lympho- ? Hodgkin’s Lympho- Biopsy 
blastoma blastoma 
(rapidly 
growing) 
10 18 & No Lympho- Lympho- Lympho- Biopsy 
blastoma blastoma blastoma 
in specimen 
11 3 ¢ Sarcoma Lympho- Lympho- Clinical 
with 3 blastoma blastoma 
of angio- 
sarcoma 
12 4 None Chronic Lympho- Clinieal 
lymphatie blastoma 
leukemia (leukemia) 
13 61 ¢ Lympho- Chronie Lympho- Clinical 
blastoma lymphatie blastoma 
leukemia (leukemia) 
l4 “oS None Chronie Lympho- Clinical 
lymphatie blastoma 
leukemia (eukemia) 
1 18 9 Leiomyo- Tubereu- Fibroma Biopsy 
sarcoma losis 
16 16 senign Lympho- Benign Biopsy 
hyper- blastoma hyper- 
plasia of tonsil plasia 
with in- 
fection 
17 66 oS Adeno- Lympho- Carcinoma 2 Clinical 
earcinoma blastoma 1 Biopsy 
(Hodgkin’s) 
18 Epithelial Lympho- Carcinoma Clinical 
earcinoma blastoma 
(Hodgkin’s) 
19 4s So None ?Of earcino- Carcinoma Clinieal 
ma or 
lympho- 
blastoma 
58 None Lympho- Carcinoma Clinical 
blastoma 
21 30 Adeno- Lympho- Carcinoma Biopsy 
earcinoma blastoma 
(Hodgkin's) 
4; Carcinoma Carcinoma Carcinoma Biopsy 
5D 2 Carcinoma Carcinoma Carcinoma Biopsy 
2 ‘Tubereu- TTubercu- Tubercu- Biopsy 
losis losis losis 


*In this table ¢ indicates male; °. female. 
+ By biopsy puncture is meant puncture 


Duration 
Adeno- 
pathy 


years 


1% years 


2% years 


1% years 


7 years 


1% years 


3 years 


14 year 


1 year 


14% year 


years 


2% years 


144 years 


2 weeks 


3 years 


% year 


14 years 


1 year 


2 years 


4 years 


of tissue removed at operation 
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Location Number 


of 
‘fumor 
Punctured 


Right 
Posterior 
part of 
Neck 
Neck 


Neck 


Neck 


Neck 


Neck 


Neck 


Neck 


Neck 


Neck 


Neck 


Neck 


Neck 


Axilla 


Neck 


Tonsil 


Neck 


Neck 


Neck 


Neck 


Axilla 


Axilla 
Axilla 
Neck 


clinical punctures which were performed on patients independent of other procedures. 


t Sclerosing lymphoblastoma i 
relatively far advanced Hodgkin's disease. 


is a term used to indicate the picture seen in a se 
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TaBLe 1—Data Concerning Cases Studied by Puncture of 
Lymph \odes—C ontinued 


Biopsy t 


Puncture Duration Location Number 

Preliminary Diagnosis or of oO of 

Cust Pathologie Clinical by Clinical Adeno- Tumor Punct- 
x* Diagnosis Diagnosis Puncture Puncture pathy Punctured ures 


Tubercu- Lympho- Tubercu- siopsy 1% years Neck 1 
losis blastoma losis 


fol Tubereu- Tubercu- ‘Tubercu- Biopsy 3 years Neck 2 
losis losis losis 
9 J ‘Tubereu- Tubereu- 'Tubercu- Biopsy 2 years Neck 1 
losis losis losis 
2 ‘Tubereu- 'Tubercu- Tubercu- siopsy 3 years Neck 1 
losis losis losis 
11 & Tubereu- Tubercu- Tubercu- Clinical 15 years Neck 1 
losis losis losis 
ref None ?OfTuberecu- Tubercu- Clinical 2% years Neck 1 
losis or losis 
Lympho- 
blastoma 
21 ‘Tubercu- Lympho- Tubercu- Clinical 1 month Neck 1 
osis blastoma losis 


HODGKIN'S DISEASE 


Sternberg,’® Reed,'® Longcope *! and others have established a more 


less characteristic histologic picture for what is ordinarily termed 
lgkin’s disease, and Mallory ’° refers to the condition as a sclerosing 


- of lymphoblastoma. ‘The early stage of the condition is character- 
d by a proliferation of lymphoid cells, which is then followed by the 


pearance of many larger and paler cells with vesicular, palely staining 


clei. The latter structures have been called endothelioid cells. Among 
so-called endothelioid cells are found other larger cells with pale, 
egular cytoplasm containing one or several large, rounded or indented 
lei which usually lie adjacent to each other. These nuclei each con- 
one or two nucleoli. Many eosinophils are also not infrequently 
und. After a time, however, the cellular picture tends to be replaced 
a progressive scar formation throughout the node, leaving areas of 


llular proliferation here and there. 
The material obtained by puncture of lymph nodes in Hodgkin’s 


lisease at a relatively advanced stage revealed the same cytologic char- 


cteristics that were found in sections of such nodes. Some of the 


advanced cases with marked sclerosis of the tumor masses showed fewer 
cells than earlier in the disease. The large, pale cells showing the char- 


9. Sternberg, C.: Universelle Primarerkrankungen des lymphatischen 
\pparates, Centralbl. f. d. Grenzgeb. d. Med. u. Chir. 2:641, 1899; Ueber eine 
eigenartige unter dem Bild der Pseudoleukamie verlaufende Tuberculose des 
lymphatischen Apparates, Ztschr. f. Heidk. 19:21, 1896. 

10. Reed, D. M.: On Pathological Changes in Hodgkin’s Disease, with 
Especial Reference to its Relation to Tuberculosis, Johns Hopkins Hosp. Rep. 
10:133, 1902. 

11. Longcope, W. T.: Pathological Histology of Hodgkin’s Disease, with a 
Report of a Series of Cases, Bull. Ayer Clin. Lab. 1:4, 1903. 

12. Mallory, Frank B.: Principles of Pathologic Histology, Philadelphia, W. 
B. Saunders Company, 1915. 
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acteristics of reticulum cells were abundant. In these cells mitotic 
figures were not infrequently seen, but rarely could mitochondria be 
observed in the cytoplasm. Certain cases of rapidly advancing Hodgkin's 
disease showed these reticulum cells containing irregular sized particles 
in the cytoplasm, staining with neutral red and in this manner resem- 
bling the reticulum cells seen in other cases of rapidly growing 
lymphoblastoma. In addition giant cells with delicate irregular cyto- 
plasm containing one or several oval or indented nuclei could be 
observed. In most instances eosinophils were present containing large 
yellow refractive granules in the cytoplasm. Macrophages were some- 
times seen and fibroblasts were almost always present, but they were 
more abundant in the late cases in which there were hard, sclerosed 
nodes. 
RAPIDLY PROGRESSING LYMPHOBLASTOMA 

In rapidly growing lymphoblastoma other than Hodgkin’s disease 
and lymphatic leukemia, the nodes often were soft and showed a 
cellular picture. Likewise, these cases progressed rapidly to death 
There was marked variation in the types of cells found in distine- 
tion to the cytologic picture of chronic lymphatic leukemia, in which 
the cells were apt to be about the same size and more uniform in char- 
acter. In these rapidly progressing cases the cells exhibited numerous 
mitotic figures (fig. 3). Many large, pale cells resembling reticulum 
cells were present in the smears (fig. 4). All sorts of abortive imma- 
ture lymphocytes were found, which contributed largely to the picture 
(fig.5). They varied from large cells with diffusely scattered mitochon- 
dria and no cytoplasmic neutral red bodies in a rather abundant 
cytoplasm, to the small, more adult lymphocyte which was practically 
completely differentiated. The adult lymphocytes were much _ less 
abundant than in normal nodes. 

The various cells removed from normal lymph nodes, from the nodes 
in chronic lymphatic leukemia with or without a leukemic blood picture 
and from the rapidly progressing lymphoblastoma varied in size; the 
cells from the lymphobiastoma were obviously larger than the normal 
or the leukemic cells. If one should plot a frequency curve of the diame- 
ters of the cells, in much the same manner as Price-Jones has done in 
plotting the sizes of red blood cells, there would be a more marked 
variation in size and a distinctly larger mean diameter of the cells from 
rapidly progressing lymphoblastoma than those from normal or leu- 
kemic nodes. The leukemic cells would show a mean diameter 
intermediate between that of the normal node cells and the cells from 
rapidly growing lymphoblastoma. Hcwever, the difference in size of 
cells in normal lymph nodes, chronic lymphatic leukemia and rapidly 
progressing lymphoblastoma is probably of less importance than are the 
finer cytologic characteristics described. 
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It would appear from this discussion that the study of cells from 
puncture of lymph nodes provides certain definite histologic evidence for 


the separation of enlargement of the lymph node due to (a) benign 
hyperplasia, (b) chronic lymphatic leukemia with or without a leukemic 
blood picture, (¢) Hodgkin’s disease and (d) other lymphoblastomas of 
rapidly growing type, which many pathologists might perhaps call lym- 
phosarcoma. 
CARCINOMA 
The material obtained by puncture of carcinomatous nodes in seven 
\ients appeared different in all instances from that collected from cases 
lymphoblastoma. It was thus possible to distinguish not only differ- 
sorts of lymphoblastoma, but also to separate clearly this group oi 
ises from those with metastatic caicinoma. Case 19 (table I), is 
strative. Clinically, the case appeared to be one of typical Hodg- 
's disease, but a study of the cells withdrawn by puncture of a huge 
ss of tissue on the left side of the neck revealed a histologic picture 
stinct from that encountered in Hodgkin’s disease. In this case the 
s were all of the same type, large in size and often occurred in groups 
half a dozen or more, separated by poorly defined borders. Many 
lated cells with an irregular rounded contour were also present. These 
»wed an abundance of rather dense ground-glass-like cytoplasm and 
uge nucleus containing a well defined nucleolus (figs. 6, 7, 8 and 9). 
he nucleoli were refractive and seemed to give a delicate basic reaction 
neutral red. Neither mitochondria nor cytoplasmic structures stain- 
with neutral red were detected; however, the cells, including the 
nticleus, became a delicate pink when a slightly concentrated solution of 


utral red was used. Ameboid activity was not observed. The cells’ 


were classic examples of those found in cancer, and the tumor was 
undoubtedly a carcinoma, as shown by a study of the tissue obtained at 
iopsy. 

There were four types of tumor cells among the seven cases. The 
different kinds of cells resembled each other in their general character- 
istics but differed in finer details. The cells were alike for any given 
tumor. In three cases they were identical histologically. There were 
other cases among the seven, in addition to the one already cited, in 
which the clinical diagnoses were in doubt, but which were proved to 
he carcinoma. In two of these cases there were solitary nodes deep in 
the neck and situated so that their surgical removal was considered too 
difficult to undertake. However, they were readily punctured, and the 
material contained cells typical of cancer; thus the value of this pro- 
cedure is illustrated. 

TUBERCULOSIS 

Eight cases of tuberculosis of the lymph nodes were studied, and the 

observations appear to indicate that cellular material withdrawn from 
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such nodes has distinctive characteristics, so that puncture of lymph 
nodes can aid in distinguishing tuberculosis from other disorders of the 
lymphoid tissue. The films of cells obtained from nodes proved to be 
tuberculous contained a generous proportion of the so-called epithe- 
lioid cells, which tend to dominate the histologic picture of tuberculosis. 
Sometimes they constituted about 85 per cent of all the cells removed. 
Lymphocytes, mostly of the small, weil differentiated type with perinu- 
clear mitochondria, were more abundant in some cases than in others, 
but the epithelioid cells were a distinguishing feature of the material 
obtained from tuberculous lymph nodes. These large cells were usually 
oval, with a relatively small vesicuiar nucleus and cytoplasm that 
appeared very finely granular and possessed a faint but distinct yellowish 
tinge which could be seen in both the stained and unstained preparations. 
The epithelioid cells often contained more than one nucleus, and occa- 
sionally one could be distinguished that appeared transitional from the 
simple epithelioid cells to typical giant cells with numerous nuclei 
grouped near the periphery. Simple epithelioid and typical giant cells 
do not contain cytoplasmic granules staining with neutral red, and in 
only a few instances were structures resembling mitochondria made out. 
The giant cells in the smears from tuberculous lymph nodes in most 
instances differed from those encountered in Hodgkin’s disease in sev- 
eral ways. The giant cells of Hodgkin’s disease contained a large 
irregular, bilobed, or in many cases « multiple lobed, nucleus. The 
nuclei of tuberculous node giant cells were numerous, small and lay 
scattered near the periphery of the cell, whereas the nucleus or nuclei 
of Hodgkin’s giant cells were large, well defined, irregular bodies lying 
close together, and often centrally placed. These observations are in 
agreement with the general observations in fixed tissue and with the 
observations of McJunkin '* on the character of the giant cells in Hodg- 
kin’s disease. McJunkin studied these cells by injecting lymph nodes. 
Macrophages almost invariably were present in the material from 
tuberculous lymph nodes. They were slightly motile, and contained in 
the cytoplasm numerous irregular bodies staining with neutral red and 
varying in size from barely perceptible granules to bodies even larger 
than red blood corpuscles. A few polymorphonuclear neutrophils and 
an occasional mast cell usually could be seen. In a few instances there 
occurred large cells with one or more nuclei and with cytoplasm that 
was filled with huge refractive, nonstaining granules. This type of cell 
was described in the early part of this paper as occasionally occurring 
in normal lymph nodes, but its identity is not known. Material from 


13. McJunkin, F. A.: Supravital Reaction to Neutral Red of the Cells of 
Lymph Nodes of Hodgkin’s Disease, Arch. Path. 2:815 (Dec.) 1926. 
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the tuberculous lymph nodes also oiten contained a considerable number 
of dead degenerating cells and cellular debris. 


Isolated observations were made in a few cases of other diseases 
those already given; for example, the nodes in a case of myelog- 


s leukemia were punctured, and the cell content was the sort to 


xpected in this disease. 
lables 2 and 3 present an outline of the 


chief characteristics and 


differences in the cytologic pictures of the various groups of lymph node 


ases studied by means of puncture. 


Taste 2.—Chief Cytologic Characteristics of Material Removed by 
Puncture of Lymph Nodes 


i] Lymph Nodes Benign Hyperplasia Tuberculosis Carcinoma 


ninated by cells 1. Lymphoecytie cells 1. Epithelioid cells 1. Cells almost en- 
ymphoeceytie of same type and often oval with tirely of one 
series number as those small vesicular type; large oval 
lymphoblasts; in normal lymph- nucleus and abun or angular cells 
few in number; nodes dant very finely with pale non 
very basophilic 2. Reticular cells as in granular eyto- granular but 
cytoplasm; diffuse- normal nodes plasm which has often finely vacu- 
scattered mito- 3. Fibroblasts as in a light yellow olated cytoplasm; 
chondria; diffusely normal nodes tinge in unstained oval or round 
seattered chro- 4. Macrophages in and _ supravital nucleus with nu- 
matin in nucleus creased in num- preparations cleolus 
mphoblasts of er 2. Macrophages usual- 2, Conspicuous ab- 
later stage; rela- 5. Hitogenous mast ly present; often scence of lymph- 
tively many (30- cells frequently more than nor- oid cells and of 
40%); Narrow cyto- 6. Increased numbers mal or in benign the other normal 
plasmic rin g; of polymorpho- hyperplasia constituents of 
grouped perinu- nuclear mneutro- 3. Neutrophils usually lymph nodes 
clear _ mitochon- phils as com- present, often 
dria; no eyto- pared to normal more than in nor- 
plasmie neutral red lymph nodes mal nodes 
bodies 7. Giant cells as in 4. Often degenerating 
Lymphocytes practi- normal nodes eells and cellular 
cally completely 8. Eosinophils are debris; caseous 
iifferentiated; rela- often present but material often is 
tively many (40- are not a conspic- withdrawn 
50%); grouped uous feature 5. Giant cells with 
perinuclear mito- multiple small 
chondria; one or nuclei around 
more neutral red periphery of cell 
bodies in contrast to the 
Reticular cells; few usual large irreg- 
in number ular centrally 
Fibroblasts; in fre- placed nucleus or 
frequent nuclei giant 
Macrophages; rare cells of Hodgkin’s 
Histogenous mast disease 
cells; rare 6. Tubercle bacilli 


P o | ymorphonuclear 
neutrophils; rare 
Giant cell with huge 
refractive granules 
not staining with 


vital dyes; rare 


COM MENT 


rarely found 


From study of the tables 2 and 3, it will be apparent that there are 


definite histologic differences in the cells of the diseases discussed. 
Benign hyperplasia and tuberculosis do not show the atypical develop- 
ment of lymphoid cells which is present in the lymphoblastoma group 
Benign hyperplasia is distinguished by the fact that there is no dis- 
turbance in the general cytologic picture, but there is an increase in the 


polymorphonuclear elements. 


Given a smear of material from a lymph 
node in which there is no evidence of altered cellular development, and 
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with an increase of the cells ordinarily found in sites of chronic inflam- 
mation, one is justified in making a diagnosis of benign hyperplasia. 
Tuberculosis is readily distinguished by the presence of so-called 
epithelioid cells, and their character is distinctive. Disintegrated cells 
also are features of tuberculosis. 
Carcinoma is apparent at a glance, and no differential cytologic diag- 
nosis need be discussed. The cells ire characteristic, as indicated in 
the tables. 


TABLE 3. 


Chief Cytologic Characteristics of Material Removed by 
Puncture of Lymph Nodes 


Lymphoblastoma 


Rtspidly Progressing 
Lymphoblastoma Other 
Than Leukemia and 

Hodgkin's Disease 


Ckronie Lymphatie 
Leukemia With or Without 
Leukemie Blood Picture 


Hodgkin's Disease 


aon nate 
tively few di 
lymphocytes: 
poorly diff 
with diffusely scattered 
mitochondria and a rela- 
tively amount of 
eytoplasm is much larger 
in this group than in 
normal; cells of untforn 
mitotic 
figures more frequent 
than normal, less _ fre- 
quent than in the rapid- 
ly progressing lympho- 
blastoma 
2. Reticular 
number 
}. Almost complete absence of 
other structural elements 


large 


re 


cells, few in 


. Presence of large pale 
endothelioid cells in con- 
siderable numbers; no 
characteristic color to 
eytoplasm in contrast to 
characteristic yellowish 
tinge of epithelioid cells 
of tuberculosis; nucleus 
is large in contrast to 
small nucleus of epithel- 
ioid cells of tuberculosis 

>. Large giant cells with one 

or more lar distinct, 
vesicular, irregular 

ally centrally place 

clei are characteristic 

sinophils often 

abundant, usually 

than in other 

not always the ease, for 

there may be few or none 


diseases; 


Marked increase over 1 
mal of the reticular 
All types of i 
atypical 
blasts with abundant 
toplasm; cells frequer 
much larger in size ; 
more irregular in sh: 
than in leukemia 

3. Mitotie figures conspicuc 
and more abundant t! 
in any other type 
lymphoblastoma 

Almost total absence 
differentiated lymphocyt 

5. The large giant cells s 
in normal nodes 
more numerous in tl! 


euses 


present, especially in 
early cases 

1. Macrophages rare 

5. Lymphoid cells present in 
considerable numbers in 
early cases, fewer in ad 
vanced cases 

6. Fibroblasts mumerous in 
advanced cases, few in 
early cases 


Lymphoblastoma in general is characterized by an atypical develop 
mental process, and it is this feature more than any other which causes 
it to be set apart from the other lymph node diseases. It is in lympho- 
blastoma that one finds an ungoverned tendency to rapid proliferation 
of cellular elements which when carried to the extreme produced a 
picture that one can scarcely recognize as altered lymphoid tissue. 

Chronic lymphatic leukemia, with or without a leukemic blood pic- 
ture, is characterized by the great preponderance of uniformly 
immature lymphoblasts, whereas the reticular cells and stroma cells are 
only slightly, or not at all, involved in the process. On the other hand, 
in Hodgkin’s disease, although it also is characterized by lymphoid pro- 
liferation, especially in the early stages, the striking feature is the 
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increase in stroma tissue together with the presence of peculiar endothe- 
livid cells and eosinophils. 

The third type of lymphoblastoma has been referred to as rapidly 
progressing. Here the striking changes are not in the stroma or in the 
lymphoblasts ; both of these elements, it is true, show changes, but the 
striking change is in the great increase of reticular cells and the presence 

many atypical forms which are probably early lymphoblasts. 


EFFECT OF THE ROENTGEN RAY 

\ few nodes were punctured soon after roentgen-ray treatments. 
\laterial taken from a carcinoma three hours after treatment showed 
cells with vacuoles and fragmentation of the cytoplasm (fig. 10). 
re was considerable cellular debris, and huge macrophages or clas- 
tocytes migrated about with brilliantly stained granules and vacuoles 
many different sizes and shapes. These granules varied in color 
m red to various shades of brown aad yellow. Puncture of the same 
or mass a few days prior to therapy did not show evidence either of 
ilar degeneration or of phagocytosis. Another case was diagnosed 
rapidly growing lymphoblastoma. Before treatment, the cells from 
iseased node showed many mitotic figures; a few hours after deep 
tgen-ray irradiation (500 electrustatic units), cells obtained by 
nicture of the same node did not show any mitotic figures, but the 
iber of macrophages had increased, and many more cellular frag- 

nts were present than before therapy 


BACTERIOLOGIC AND PARASITOLOGIC STUDIES 

Smears of the material obtained from each case of tuberculosis were — 

ed and stained for acid-fast organisms ; in only one instance were they 

sind. Diligent search for acid fast organisms in preparations from 

lymphoblastoma was without reward. Fresh films from many of these 

cases were examined by aid of the dark-field microscope. In no instance 

were spirochetes observed, which is contrary to the observations of 

\\ hite and Proscher.** Dr. W. C. Boeck made observations to determine 

whether or not amebas were present in the material from many of the 
cases of lymphoblastoma, but none was identified. 


SUMMARY AND CONCLUSIONS 


The study of living and fixed cells withdrawn from lymph nodes of 
man is of value. Material withdrawn on the barbs of a dental broach 
has been studied by the supravital method, by dark-field examination 
and by fixed stains. 


14. White, W. C., and Proscher, F.: Spirochaetes in Acute Lymphatic Leuke- 


mia and in Chronic Benign Lymphomatosis, J. A. M. A. 49:1115 (Sept. 28) 
1907, 
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This method provides one with information, quickly and_ easily 
obtained, concerning the cytology, bacteriology and pathologic physi- 
ology of the disease process. The observations reported here are few, 
and thus do not permit unequivocal statements. Many more cases must 
be studied before a final estimate of such observations can be made. 

The cases studied include different types of lymphoblastoma, tuber- 
culosis, benign hyperplasia and carcitoma. Control examinations of 
normal nodes were also made. These conditions each gave a distinctive 
cytologic picture, the salient features of which are set apart in italics in 
tables 2 and 3. 


Puncture of lymph nodes provides a way to follow the spontaneous 
morphologic changes in disease and those induced by treatment. Like- 
wise, prognosis can be formulated from the character of the cells 
obtained by the procedure. 


EXPLANATION OF PLATE 


Fig. 1—Adult lymphocyte from lymph node. Red cells shown for magnifica- 
tion. Stained with Wright's stain; 1,500. 

Fig. 2.—Reticular cell from a normal node. Note the few refractive granules 
in the cytoplasm. These are degenerative changes and were not present on first 
examination. In very fresh cells these granules are usually absent. Fresh 
preparation stained with neutral red and janus green; X 1,500. 

Fig. 3—Immature cells from a lymph node of rapidly progressing lympho- 
blastoma in process of mitotic division. Wright’s stain; & 1,500. 

Fig. 4.—Large reticulum cell with two nuclei, from a rapidly growing lympho- 
blastoma; lymphocyte nearby. Wright’s stain; & 2,000. 

Fig. 5—Three atypical early lymphoid cells in undifferentiated state from 
the lymph node of a rapidly growing lymphoblastoma. Wright’s stain; & 1,500 

Figs. 6 and 7.—Carcinoma cells from an adenocarcinoma of the cervical 
nodes. Wright’s stain; * 1,500. 

Figs. 8 and 9.—Fresh carcinoma cells of cervical nodes. One of the cells 
shows two definite nuclei. Unstained; 1,500. 

Fig. 10.—Cell removed from carcinomatous node three hours after roentgen- 
due to treatment. Fresh preparation stained with neutral red and janus green; 
< 1,500. 

Fig. 11—Large degenerating cell taken from a rapidly growing lymphoblastoma. 
Wright's stain; 2,000. 


a 
& 


© 
Ce 
| 


INSULIN REACTIONS * 


LEE FOSHAY, M.D. 
George W. Crile Fellow in Research Medicine 


CLEVELAND 


A larger proportion of the recorded insulin reactions has occurred at 
a time when the analyses of the blood sugar have shown normal or ele- 
vated blood sugar concentrations. Many severe reactions have been 
observed at times when the blood sugar concentrations have been from 
250 to 350 mg. per hundred cubic centimeters of blood or even higher. 
These experiences have caused many observers to suspect that the 
iundamental cause of the so-called “hypoglycemic reaction” is not the 
hypoglycemia. Various explanations have been offered in an attempt to 

mecile the severe reaction with a high blood sugar content. So far as 
i know, none of these has been free from serious criticism, and none has 
been a real explanation for every observed reaction, with the exception 

the one offered here. This idea was first published two years ago.* 
Since that time, more evidence has been accumulated which seems to 
nfirm the earlier work. 

In May, 1925, Eadie, Macleod and Noble ? showed that the injection 

' insulin into an animal caused a disappearance of glucose from fixed 
tissue cells. The importance of this fact in relation to insulin reactions 
las been either overlooked or underestimated. Two months later, I pub- 
lished results which demonstrated that insulin causes a similar disappear- 
ance of glucose from erythrocytes, and that insulin reactions appear - 
only when the corpuscular glucose has fallen to around 45 mg. per hun- 
dred cubic centimeters of blood. 

The most severe reaction was noted at a time when the whole blood 
sugar was 300 mg. and the corpuscular sugar 3 mg. Obviously this was 
not a hypoglycemia, because the blood sugar was about twice the value 
ot what is commonly accepted as the upper normal limit. For want of a 
single descriptive term, I called this condition cytoglycopenia—a status 
of glucose impoverishment of the cells. The time relation of injections 
of insulin and reduced cellular glucose to the onset of symptoms of a 
reaction, both in the work of the Toronto investigators and in my own 
work, suggested that the reactions were caused by a lack of available 


*From the Department of Medicine of Lakeside Hospital and Western Reserve 
University. 

1. Foshay, L.: Observations Upon the Action of Insulin on the Blood with 
Special Reference to the Cause of the Condition Known as Hypoglycemia, Am. 
J. Physiol. 73:470 (July) 1925. 

2. Eadie, G. S.; Macleod, J. J. R., and Noble, E. C.: Further Experiments 
on the Action of Insulin, Am. J. Physiol. 72:614 (May) 1925. 
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glucose within tissue cells, and that the corpuscular glucose concentration 
was a good index of the glucose concentration in the fixed tissues. All 
of these experiments were performed on animals. Eadie, Macleod and 
Noble worked with rabbits, while my work was done on dogs. 

Since that time I have had the opportunity to observe a number of 
diabetic patients who were experiencing insulin reactions, and I have 
studied the distribution of glucose between plasma and erythrocytes 
before, during and after the appearance of the reactions. The results 
obtained are identical with those previously observed in the dogs. 

Every insulin reaction is associated with a low corpuscular sugar. 
The sugar content of the whole blood or of the plasma bears no constant 
or direct relation to the reaction in regard to (1) the actual occurrence, 
even when of great severity, (2) the probability of occurrence, (3) the 
time of duration or (4) the severity. All combinations of these varia- 
bles are possible with either a normal or a high blood sugar content. No 
insulin reactions have been observed without the coexistence of low cor- 
puscular sugar. The immediate reactions, that is, those in which 


symptoms appear from one-half to two hours after the injection of 


insulin, are due to the same cause as the delayed reactions, wherein the 
svmptoms and signs do not appear until six hours or longer after thie 
injection. During the immediate reactions, there is a great disparity in 
the plasma and corpuscular sugars. The latter is always low, but the 
plasma or serum sugar is almost always high. During the delayed reac- 
tions the sugar falls gradually and usually with equal velocity in both 
the plasma and the corpuscles. The essential and common factor is the 
low corpuscular sugar. 

Immediate reactions have been observed only under the following 
conditions: (1) in thin, undernourished patients, (2) in the presence 
of infections, (3) in coma, (4) after a single large dose of insulin and 
(5) after the last of a series of moderate sized, but often repeated, doses 
of insulin. Delayed reactions have occurred only when the patient has 
been well nourished, regardless of whether the dosage of insulin has 
been large or small, single or repeated. So far as my experience goes, 
the foregoing statements hold true for both children and adults. 

What is the difference which permits of either an immediate or 
delayed reaction? Proof is difficult or impossible to obtain, but I think 
that the chief deciding factor is the presence or absence of an adequate 
storage of glycogen in the liver, perhaps also in the muscles. The 
nutritional state seems to be the only common factor possessed by 
the two groups of patients. All of the immediate reactions and almost 
all of the severe reactions have occurred in patients under conditions in 
which it has long been known that the stores of glycogen in the body are 
nearly exhausted. In these patients, when the sugar of the body is 
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depleted as a result of insulin, there is insufficient glycogenolysis to pre- 
vent the further reduction of tissue sugar to the level at which symptoms 
hegin to appear, hence an early or immediate reaction. In the well 
nourished patient, even after a large dose of insulin, there is enough 
glycogen present in the body to furnish available glucose for a much 
longer period of time, so that if a reaction occurs at all it may come 
many hours after the dose of insulin. 


\s nearly as I can judge, the first symptoms of insulin reactions 


occurred in these patients at about the time when the cellular sugar was 
rrom 50 to 55 mg. per hundred cubic centimeters of blood. During the 
ight of the reaction the cellular sugar is usually lower; the lowest 
lular sugar found was 20 mg. This patient had a severe infection 
nd had been in uninterrupted coma for six days. As the transition 
‘rom hyperglycemia to hypoglycemia and back to hyperglycemia was 
mmplished without return of consciousness, no symptoms could be 
btained. 
METHOD 
lhe method of study employed is not difficult. The usual procedure was 
ke a sample of venous blood from an arm, taking care to prevent prolonged 
us stasis. A sugar determination was made on the whole blood in the usual 
The blood may be either oxalated or defibrinated. The remainder of 
blood was then centrifugalized at 1,500 revolutions a minute for fifteen 
ites. The total volume and the volume of packed cells were read and the 
centage of cells in the whole blood calculated. The supernatant serum or 
asma was pipetted off and a sugar determination made on it. The corpuscular 
cose was calculated from the foregoing data by the formula. 


Whole blood sugar per cent—(serum sugar per cent by serum volume per cent) 
Cell volume per cent 


In this work, each sugar determination was made in quadruplicate by the 

thod of Hagedorn and Jenson. A specimen of blood was drawn before the 
ministration of insulin and usually at one hour and two hours after it had 

n administered. An attempt was made to get a specimen of blood at the onset 
t the reactions if any occurred, 

This method of studying the effects of insulin on the distribution of glucose 

tween plasma and erythrocytes in serial samples of blood from the same patient 
gives one a much more dynamic point of view of the utilization of carbohydrate 
in the patient than can be obtained by a study of the whole blood sugar alone. 
Moreover, it is possible by this method to predict with a remarkable degree of 
accuracy whether a patient will or will not have an insulin reaction after any given 
dose of insulin. In a well nourished patient it may not be possible to anticipate 
a delayed reaction, after a moderately large dose of insulin, but it is possible to 
predict all of the immediate reactions. A remarkably wide difference between 
the plasma and corpuscular sugar concentrations occurring two hours or less after 
the injection of insulin is always indicative of an impending reaction. The first 
three blood sugar values in the first case reported here demonstrate this well. 
[ have been able to predict the occurrence or nonoccurrence of reactions correctly 
in about ten cases. All of the negative predictions are not included in this 
report (table 1). 
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AUTHOR’S CASES 


Case 1—A colored woman, aged 42, had diabetes, tuberculous bronchopneu- 
mouia and osteomyelitis of the proximal phalanx of the third digit of the right 
| with gangrene of the entire finger. She had had the finger resected. She 
heen in coma for six days. On the day before the first sugar studies were 

le, the intern in charge had observed a strabismus of one eye. This had 
een present before, and it caused him to suspect the presence of an insulin 
tion. She had had only 20 units of insulin that morning. It was decided 
peat the same dose the next day to determine whether a reaction would 
and if its appearance could be predicted. The first specimen of blood 
drawn at 3 p. m., and 20 units of insulin were immediately injected sub- 
ously. One hour later, the corpuscular sugar was 0.178 per cent; two hours 
was 0.036 per cent, while the whole blood sugar was 0.197 per cent. I 
cted that a severe reaction would soon follow and advised giving intravenous 
ose. This was not given, and the reaction occurred with strabismus 
fore. The patient received a transfusion of 500 cc. of whole blood. 
iext morning, the blood sugar was 0.036 per cent and the corpuscular 
0.020 per cent, thus confirming the prediction of a real hypoglycemia. 
ose was then given intravenously, and the results are shown in the final 

s of this series. The changes are represented graphically in the chart. 

sE 2.—A girl, aged 9, had severe diabetes and weighed 58 pounds (26.3 Kg.). 
was receiving 25 units of insulin every morning and was having rather 
ent mild insulin reactions, usually at about 11 a. m. On April 19, she 
ed her customary 25 units of insulin. The first specimen of blood was 
before either insulin or breakfast had been given. The second specimen, 

1) two and one quarter hours after the insulin, did not show cytoglycopenia. 

is predicted that there would be no reaction that day; none occurred. On 

| 26, she was observed at 11:05 a. m. with a moderately severe reaction. 
that time, I made the following note: “lying quitely, pulse 120, normal cardiac 
anism; will not answer questions, frequently has short, jerky, clonic spasms 

hi seem to pass like a rapid wave all over the body. No sweating, flushing 
trabismus.” The blood specimen was drawn at 11:25 a. m., a few minutes 
recovery had begun. The sugar content was low, but within normal 
nits, in both plasma and cells. She had had 25 units of insulin at 8 a.m. In 

instance, I was too late to record the cytoglycopenia. However, on May 15, 
I observed the beginning of a moderately severe reaction. At 10:30 she was 

iking all over, crying, complaining of hunger and had a pulse rate of 126. 
Biood was drawn immediately and showed a true hypoglycemia with a corpuscular 
sugar of 0.039 per cent. She had had 25 units of insulin at 6:30 a. m. followed 
at 6:45 by a breakfast which contained 30 Gm. of total available carbohydrate. 
The reaction came four hours after the injection of insulin. It was relieved in 
ten minutes by 50 cc. of orange juice containing 5 Gm. of cane sugar. 

Case 3.—A robust, young woman, white, in an excellent nutritional condition, 
had been having frequent symptoms of a mild insulin reaction for several 
weeks, usually late in the mornings. It had been her custom to take 25 units of 
insulin at 7:35 a. m., and to take only a cup of black coffee for breakfast. 
| brought her into the hospital for study and put her on the same routine which 
she had adopted at home. On the first day, two and three hour specimens of 
blood showed that the sugar values fell gradually and with equal velocity in 
both plasma and cells. After analysis of the two hour specimen of blood, it 
was predicted that a reaction would not occur, and none did occur. On the 
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next day the same experiment was repeated. The initial pre-insulin specimen of 
blood contained much less sugar than that of the previous day. The two hour 
specimen showed a low normal in the whole blood, 0.083 per cent and 0.050 per 
cent in the erythrocytes. A delayed reaction was predicted, and it occurred at 
11:25, almost two hours after its approach had been recognized. 
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Curve showing severe hypoglycemia with recovery; A indicates the effect of 
20 units of insulin administered subcutaneously ; B, cytoglycopenia without hypo- 
glycemia, two hours after the administration of insulin (a severe insulin reaction 
was predicted and the administration of dextrose intravenously was advised) ; 
C, complete hypoglycemia (the patient had been given a blood transfusion but 
dextrose had not been given); D, dextrose given intravenously; E, recovery. 
The patient remained comatose throughout the entire period. 
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The remaining two cases are identical in a physiologic sense with 
case 3 and do not merit detailed description. Each of them represents 
the occurrence of a delayed reaction which was correctly predicted in 
both instances. 

TREATMENT 


Most of the patients with mild reactions do not require treatment. 
Usually the sensations of tremulousness, weakness, hunger and thirst 
pass away during the course of half an hour. The promptness with 
which symptoms disappear after the ingestion of food leads me to 
believe that glycogenolysis is the essential cause. I have seen a number 
oi mild and moderately severe reactions dispelled within ten minutes 
by the ingestion of various foods, orange juice, orange juice with a 
small amount of cane sugar, cane sugar alone, mashed potato, a slice of 
bread, a glass of milk, in fact almost any kind of food. The relief of 
symptoms appears so rapidly that it cannot be accounted for by the 
digestion and absorption of the foodstuffs. It would seem that the pres- 
ence of food in the stomach in some way causes a release of glycogen 
as glucose into the blood stream and thence into the tissues. If this is 
true, the injection of epinephrine should cause a prompt amelioration of 
symptoms. I have tried it a few times and have found it efficient. 
()' course, if the deposits of glycogen are practically exhausted, one 
could expect little improvement from the use of epinephrine. In such 
an instance, the vacuum for sugar would have to be met by the intra- 
venous administration of dextrose. 


CONCLUSIONS 


The previous studies of insulin reactions have not been iruitful, 
hecause the only method of analysis has been a study of the whole blood 
sugar. 

The occurrence of insulin reactions bears no direct fundamental 
relation to the whole blood sugar concentration. 

The fundamental cause of the symptoms and signs of insulin reac- 
tions is believed to be a lack of available glucose throughout the tissue 
cells of the body. 

The corpuscular glucose concentration may be accepted as an index 
of the glucose concentration in the cells of the fixed tissues. 

A method is presented which enables one to anticipate the occurrence 
of many of these reactions hours before the first symptom appears. 

Many impending reactions may be recognized early and completely 
prevented by proper prophylactic treatment. 

This method is especially valuable for the study of patients who are 
in coma, for at that time the symptoms are lacking and the physical 
signs may be obscured. 


THE PROBLEM OF THE IRON RESERVE* 
AN EXPERIMENTAL STUDY 
CHARLES SPENCER WILLIAMSON, M.D. 
AND 


HAROLD N. ETS, MLS. 


CHICAGO 


n 


It is generally acknowledged that iron in the tissues, particularly 
the liver and the spleen, acts as a reserve supply for the formation of 
hemoglobin, but definite experiments on changes in this iron reservoir 
are not readily available. In 1895, Kunkel ' reported some work on pup- 
pies which were bled and then placed on an iron-poor and iron-rich 
diet. He found more iron in the tissue of the animals on the iron ricl 
diet, but other dietary factors may have entered into his results. 

In our previous work, we * have shown that ferric citrate given in 
the food and by subcutaneous injection does build up this iron reserve 
in the tissue, but that it has no effect on the rate of the formation of 
hemoglobin. 

We have also noted that food iron is capable of being quickly and 
efficiently used in the formation of hemoglobin, an observation that is in 
agreement with the work of other investigators.* The next step was to 
determine to what extent, if any, food iron could be stored in the body 
in a utilizable form. While there is abundant evidence that food iron 
is readily utilized in the manufacture of hemoglobin, no satisfactory 
experiments are available to indicate whether or not the body may lay 
up a reserve supply of this food iron, thus having a certain amount on 
hand to use in case of a sudden demand for the formation of hemoglobin 
or whether the body lives from hand to mouth, taking in only such 
quantities as suffice for its daily needs. 


*Read in abstract before the Association of American Physicians, Atlantic 
City, New Jersey, May 3, 1927. 

*From the Department of Medicine, University of Illinois College of Medicine. 

1. Kunkel, A.: Pfluger’s Arch. 61:595, 1895. 

2. Williamson, C. S., and Ets, H. N.: Value of Iron in Anemia, Arch. Int. 
Med. 36:333 (Sept.) 1925. 

3. Gibson, R. B., and Howard, C. P.: Metabolic Studies in Pernicious 
Anemia, Arch. Int. Med. 32:1 (July) 1923. Robscheit-Robbins, F. S., and 
Whipple, G. W.: Am. J. Physiol. 79:271, 1926. Murphy, W. P.; Monroe, R. T., 
and Fitz, Reginald: Changes of Composition of Blood in Pernicious Anemia, 
J. A. M. A. 88:1211 (April 16) 1927. Williamson, C. S.: Influence of Age 
and Sex on Hemoglobin, Arch. Int. Med. 18:505 (Oct.) 1916. 
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METHODS 

\\hen one group of six dogs was placed on a diet consisting of bread 
and milk and another group on a diet in which part of the bread and 
milk was replaced by beef spleen, we have noted that, although all the 
dogs maintained a normal concentration of hemoglobin, the dogs on 
the diet containing beef spleen had nearly twice as much iron in their 
livers and spleens as the dogs on the diet consisting of bread and milk. 

fo begin with, six normal dogs were killed and their livers and 
spleens analyzed with the result that the average iron content of the 
liver was found to be 27.3 mg. and that of the spleen 118.60 mg. per 
hundred grams of tissue. 

(he concentration of hemoglobin of six healthy dogs was determined, 
and then the animals were placed on a diet containing, in addition ta 


TABLE 1.—Observations of Dogs on Beef Spleen Diet 


Hemoglobin Concentration Iron Analyses 

7/10/25 Liver Spleen 
1.28 1.198 1.330 55.4 ng. 179.5 mg. 

1.305 1.034 69.6 Ing. 416 mg. 

1.248 1.197 41.2 mg. 412 mg. 

1.258 1.162 1.329 6.3 mg 302.9 mg 


Killed on Oet. 7, 1925. 


TABLE 2.—Changes in Average lron Content in Livers and Spleens 


Livers Spleens 


Dogs after about four months’ spleen feeding...................200. 60.3 mg. 302.9 mg. 


bread and milk, beef spleen in considerable amounts. Table 1 shows 
the results. 

As is evident from table 2, the average iron content oi the livers rose 
from 27.3 to 60.3 mg., and that of the spleens from 118.6 to 302.9 mg. 

This experiment shows merely that animals on bread and milk plus 
beef spleen store up more iron in their livers and spleens than animals on 
bread and milk only. 

In this experiment, only a small number of animals was used and 
no demand was made for the formation of hemoglobin. In order to 
investigate further the iron supply of the tissue, the following experi- 
ments were devised : 


A large number of young rats was obtained and divided into two groups. 
To insure uniformity, the litters were divided, so that half of the young were in 
each group. One group was placed on the standard casein diet which was 
slightly modified so that its caloric and protein content was comparable to the 
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Taste 3.—Hemoglobin Concentrations Expressed as Extinction Coefficients 


Liver Diet Casein Diet 

May 21 July 1 September 25 Rat May 21 July 1 September 25 

0.795 1.203 1.177 201 0.853 1.076 1.288 

0.349 1.180 1.109 202 0.872 1.166 1.068 

0.851 1.091 1.025 208 0.336 0.845 0.970 

0.887 0.927 1.31 209 0.907 1.098 1.180 

0.870 1.208 1.256 210 0.849 0.949 1.185 

0.860 1.166 1.180 211 0.915 1.180 1.008 

0.866 0.990 1.163 212 0.893 1.098 1.185 

6.831 0.981 1.020 217 0.849 1.157 1.277 

0.911 1.185 1.018 218 0.872 0.797 0.741 

0.872 1.180 1.144 219 0.830 1.114 1.065 

0.820 1.044 1.066 221 0.905 1.063 1.203 

0.986 0.940 1.049 222 0.575 1.119 1.049 

0.778 1.327 1.233 223 0.809 1.135 1.251 

1.022 1.119 1.215 225 1.006 1.029 0.788 

0.864 1.155 0.997 227 0.729 0.934 1.076 

0.778 0.879 1.168 229 0.931 1.185 1.157 

0.698 1.091 1.090 232 1.083 0.942 1.127 

0.806 1.034 1.231 23 1.078 1.163 

0.747 1.056 1.032 237 0.807 1.083 1.015 

0.936 1.215 1,248 239 0.887 1.044 0.968 

0.864 1.087 1.0R5 241 0.947 1.015 O45 

0.919 1.168 1.191 212 0.804 0.748 0.970 

0.895 1.084 1.037 244 0.748 1.146 1.220 

0.957 1.093 1.168 245 0.737 1.053 0.823 

0.823 1.149 1.099 26 0.883 0.999 1.368 

0.834 1.146 1.053 252 1.114 1.197 

0.840 1.044 1.119 253 0.990 1.163 

0.862 1.166 4 1.119 1.044 

0.735 1.083 256 1.1385 1.268 

0.816 1.157 258 1.046 0.716 

0.707 1.283 261 1.059 1.119 

0.788 1.101 262 0.944 1.171 

0.800 1.101 265 1.146 1.157 

O.845 1.098 267 0.949 0.737 

0.911 0.874 276 1.088 1.119 

0.855 1.083 282 0.845 1.039 

0.763 1.166 pt 2d 1.109 1.306 

1.022 1.127 204 1.068 1.125 

0.768 1.093 205 0.781 0.975 

0.813 1.133 206 1.073 1.209 

0.786 1.106 311 1.066 1.125 

0.895 1.103 12 1.041 1.270 

0.816 1.078 313 ONT 1.004 

0.698 1.130 315 1.029 1.008 

0.659 1.068 S16 O.915 1.022 

0.724 1.0382 317 1.046 1.313 

0.572 1.081 318 0.929 1.006 

0.674 1.119 320 1.073 1.212 

0.645 1.191 322 1.029 1.084 

0.538 1.063 32; 1.155 1.188 

0.555 1.051 S24 O.977 1.174 

0.661 1.066 326 1.155 1.251 

0.651 1.049 327 1.23 1.174 

0.671 1.082 328 0.999 1.168 

0.713 1.051 332 1.049 0.831 

0.768 1.049 333 1.020 0.816 

0.5 1.051 336 1.093 1.203 

0.745 1,130 338 0.929 1,082 

3 0.556 1.163 340 0.901 1.277 

335 0.494 1.061 342 0.912 1.089 

7 0.578 1.152 SAS 0.995 1.053 

339 0.521 1.096 345 1.194 1.058 

341 0.567 0.9388 

343 0.497 1.119 Average 1.035 1.091 

Average 0.770 1,092 1.110 


experimental diet. This experimental diet was based on the standard casein 
diet, but derived its protein from dried beef liver (instead of casein). Both 
these diets were adequate in all respects, as we observed from charts show‘ng 
the growth curve and from the successful rearing of the young. 

The hemoglobin was determined on these rats just before they were placed 
on the diets, and then at intermediate times after they had been on the diets 
up to four months. 
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Tas_e 4.—/ron Content of Organs Before Bleeding 


Casein Diet Liver Diet 
Livers 14.2 mg. 22.2 mg. 


TanLe 5.—Results of Determinations of Hemoglobin After Bleeding 


Original Liver-Diet Group Original Casein-Diet Group 


Six ‘Twenty- Six Twenty- 
Before Days Fourteen’ Eight Before Days Fourteen Eight 
Bleeding After Days Days Bleeding After Days Days 
Rat Sept.25 Bleeding After After Rat Sept.25 Bleeding After After 
") 1.177 0.923 0.893 0.809 209 1.180 0.936 0.975 0.957 
1.109 0.800 0.919 0.866 211 1.008 0.759 O.834 O.917 
4 1.025 0.9038 0.913 O.843 218 0.741 0.580 0.610 
Mi 1.261 1.197 1.181 1.114 219 1.068 0.792 0.644 
} 1.180 0.786 0.947 1.073 221 1.208 0.667 O.594 
a1) 1.168 0.907 1.004 1.004 23 1.251 0.689 0.792 
s 1.018 0.995 1.068 1.076 2 0.788 0.648 
’ 1.144 0.099 O.911 0.919 1.076 0.723 
1.066 0.919 1.083 1.141 229 1.157 0.682 
1.215 0.934 0.866 0.856 232 1.127 0.853 
7 1.168 1.034 1.135 1.144 234 1.168 0.829 
1 1.221 0.983 0.907 0.954 239 0.968 0.671 
) 1.082 0.827 1.046 1.133 241 0.845 0.618 
1.248 0.966 0.981 1.146 242 0.823 
1.025 0.940 1.114 1.071 244 0.825 
1.191 1.058 0.891 245 0.881 
1.087 0.983 1.020 1.029 2416 0.640 
1.168 O.884 1.004 1.027 0.659 
1.058 0.835 0.674 
4 1.119 0.992 0.640 
1.068 0.915 0.662 
1.101 0.823 0.792 
i 1.146 1.089 0.698 
274 1.109 0.915 0.949 
7 1.004 0.988 0.905 0.99 
77 1.157 0.940 0.988 0.813 
279 1.203 0.979 0.630 0.755 
1.006 0.940 0.779 0.684 
1.261 0.907 O.S87 
1.025 0.489 0.614 
1.194 O.741 0.825 
1.088 0.610 
1.025 0.642 
1.011 O.814 
1.091 0.795 
08 1.051 0.671 
110 1.114 0.683 
Ww 1.010 0.665 
14 1.049 0.979 0.800 
71 1.037 0.827 0.683 
25 1.088 0.764 — 
O.949 0.845 0.981 Average 1.006 0.745 0.732 0.735 
1.044 1.017 1.303 
1.099 0.990 1.188 
1.088 0.983 1.098 
1.091 0.899 0.972 
1.071 0.905 0.940 
341 1.133 0.921 1.053 
343 1.141 1.122 1.283 
Average 1.104 0.927 1.005 1.083 


Twenty of the animals were then killed, and determinations of the iron made 
on their livers and spleens. 

The remaining rats were next bled 25 per cent of their blood volume, and 
then both groups were placed on the original standard casein diet. Determinations 
of the hemoglobin were then made on the sixth, fourteenth and twenty-eighth 
days after bleeding, and the results are recorded in table 5. 
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At this time, twenty-eight days after bleeding, another twenty rats from each 
group were killed, and determinations of the iron made on their livers and 
spleens. 

The rats that had been on the modified casein diet during the prebleeding 
period were placed on the liver diet about fifty days after bleeding, and determina- 
tions of the hemoglobin were made just before they were placed on the new diet, 
and atter they had been on the diet for twenty-four days. 

Chese animals were then killed and determinations of the iron were made on 
their livers and spleens. 

The determinations of hemoglobin were made by the spectrophotometric 


method, as given in a previous publication.’ This method is of great value 


TaBie 6.—/ron Content of Organs of Rats Tweniy-Eight Days After Bleedin 
Casein Diet Liver Diet 
Liver.. 9.2 mg. 13.3 mg. 
Spleen 14.1 ing. 29.5 Ing. 


Taste 7.—Determinations of the Iron in Rats Before and After Being 
Placed on Liver Diet 


3efore Being Placed After Twenty-Four Day- 
on Liver Diet, on Liver Diet, 
Rat Hemoglobin Concentration Hemoglobin Concentrat 


because of the small amount of blood required, the high degree of accuracy 
attained, since there are no standards to deteriorate, and, as in this case, in 
which only comparative values are wanted, its independence of errors in calibra- 
tion. The values given in the tables are the average of four readings, and are 
expressed in terms of extinction coefficients, a factor which varies directly with 
the concentration of hemoglobin. The determinations of iron were made by the 
method oi Ripper-Schwarzer. 
RESULTS 
Table 1 shows that the concentration of hemoglobin of the dogs on 

the two diets is about the same, and table 2 shows that the dogs on the 
diet containing beef spleen have much more iron in their livers and 
spleens than the dogs on the bread and milk diet. 

4, Williamson, C. S.: Influence of Age and Sex on Hemoglobin, Arch. Int. 
Med. 18:505 (Oct.) 1916. 
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The experiments with rats show that the concentration of hemoglobin 
was approximately the same in both groups of animals in the prebleeding 
period (table 3). However, the iron content of the liver and spleen 
is much higher in the animals on the liver diet than in the animals on the 
casein diet (table +). 

lhe rate of regeneration of hemoglobin is different in the two 

roups of rats after bleeding. The rats that were on the modified casein 
show no regeneration of hemoglobin, while those on the liver diet 


w a gradual regeneration, coming back nearly to normal in twenty- 


Taste 8.—Determinations of Iron in Liver and Spleen 


Casein Diet Casein Diet 
(Before Liver Feeding) (After Liver Feeding 
9.9 mg. 14.6 ng. 
14.1 mg. 23.8 Ing 


Taste 9—Summary of Investigation 


Before Bleeding Liver Diet Casein Diet 


After Bleeding (Changed to Standard Casein Diet) 


ys after bleeding, hemoglobin concentration................ 0.927 

vs ufter bleeding, hemoglobin concentration................ 1.005 

iys after bleeding, hemoglobin concentration................ 1.083 

Change of Group on Casein Diet to Liver Diet 

Hemoglobin concentration at 0.780 

Hemoglobin eoncentration twenty-four days later............... 1.093 


eight days. Most of this regeneration occurred in the first six days, 
demonstrating that the stored up reserve iron is, in a form, capable of 
heing rapidly utilized (table 5). 

A comparison of tables 4 and 6 shows that, after bleeding, the livers 
of the group on the liver diet gave up more than twice as much iron 
as the livers of the group on the casein diet, while the spleens in the 
iormer group gave up three times as much iron as the spleens of the 
latter group. 

In table 7 it is seen that the rats on the modified casein diet, which 
showed no regeneration of hemoglobin after bleeding, gradually came 
back when they were placed on the liver diet, and table 8 shows that the 
iron in their livers and spleens had also returned to normal figures. 
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COMMENT 

This investigation may be divided into three parts. For convenience, 
we have summarized our results in table 9. 

In the first part of the investigation, in which the animals were on 
the two different diets, storage of iron was made in the tissues of the 
group on the liver diet, as is evident from a comparison of the amount 
of iron in the liver and spleen of the two groups of animals, there being 
141 per cent more iron in the spleens and 57 per cent more iron in the 
livers of the rats on the liver diet than in those on the casein diet. The 
concentration of hemoglobin remained about the same, since there was 
enough iron in the casein diet to replace the normal amount of destruc- 
tion of hemoglobin. 

In the second part of the investigation, the animals were placed on 
the same diet so that any differences which resulted from the strain 
placed on their hemoglobin forming function would be due to their 
previous treatment. After bleeding, the rats which were on the casein 
diet during the first period showed practically no regeneration of hemo- 
globin. However, the rats which had been on the liver diet during the 
pre-bleeding period showed entirely different results. [ven as early as 
the sixth day after bleeding, their hemoglobin was 20 per cent above that 
of the group on the casein diet, and on the fourteenth and twenty-eighth 
days this regeneration was much more marked. On the latter date, the 
rats on the liver diet were back nearly to normal. 

Looking at the results of the determinations of iron in another way, 
we may say that the livers of the group on the liver diet gave up 8.9 mg 
of iron per hundred grams of organ, as compared to 4.3 mg. in the group 
on the casein diet. In the same way, the spleens of the group on the 
liver diet gave up 21.7 mg. per hundred grams of organ weight as com 
pared with 7.2 mg. in the casein group. Since the weight of the liver 
averages about eight times that of the spleen, it will be seen that the liver 
is the more important factor. Further inspection of table 9 shows that 
the livers in the group on the liver diet, even at the end of the experi- 
ment, contained about one-third more iron than the livers of the group 
on the casein diet, so that this fact will make it probable that there was 
still more iron in these livers capable of being utilized in the formation 
of hemoglobin if the experiment had been continued sufficiently long. 

The difference in the recovery of the two groups after bleeding can 
be interpreted only as the result of the building up of a reservoir of 
utilizable iron in the tissues, which can be readily transformed into 
hemoglobin when a strain is placed on the hemopoietic organs. Although 
the rats on the liver diet did not regenerate their hemoglobin to the full 
pre-bleeding figure, yet the results are decisive and clear cut. It is of 
course possible, perhaps even probable, that a longer continued period 
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of observation would have shown a complete recovery, and that a longer 
period of liver feeding might have resulted in a still greater storage of 
iron, so that our figures must be interpreted as applying only to our con- 
ditions of experiment. 

In the third part of the experiment, the rats on the casein diet which 
had been on the standard casein diet for fifty days after bleeding 
and which had shown practically no tendency to regenerate hemoglobin 
were placed on the liver diet. After only twenty-four days, these rats 
had regenerated sufficient hemoglobin to bring their concentration of 
hemoglobin back to normal, and at the same time to deposit 4.7 mg. of 
iron in their livers, and 9.7 mg. of iron in their spleen, both reckoned 
per hundred grams of tissue, this deposit of iron bringing the organs 
hack again to practically normal figures. 

This part of the experiment indicates clearly that even when the 
animals have no reserve of iron in their tissues they will still manufac- 
ture hemoglobin from their food, if it is sufficiently rich in iron, and 
will also deposit iron in significant quantities in their livers and spleens. 


CONCLUSIONS 

1. A reservoir of readily utilizable iron can be built up in the livers 
and spleens of rats by placing them on a diet containing liver. 

2. This stored iron is capable of being used in the regeneration of 
hemoglobin after the production of an anemia by bleeding. 

3. Rats rendered anemic by bleeding, the iron reserve of which has 
heen exhausted, recover their concentration of hemoglobin rapidly on 
being placed on a diet containing liver, and simultaneously build up a 
reserve of iron in their livers and spleens. 
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DIABETES MELLITUS 
REPORT OF A CASE REFRACTORY TO INSULIN * 


BERTRAND Y. GLASSBERG, M.D. 


MICHAEL SOMOGYI, M.D. 
AND 
ALBERT £AUSSHG, 


ST.. LOUIS 


One of the striking features of the insulin treatment for diabetes 


mellitus is the uniformity with which even the most severe forms 
respond to the injections of insulin. From time to time, however, cases 
have been reported that seem relatively refractory to insulin. Some 0! 
them are more refractory than others, but none of them compare, 
this respect, with a case we recently observed. 

Charlton ' reported a patient with severe diabetes who, on a restricted 
diet, did not respond to 102 units of insulin. The patient was syphilitic, 
and after a course of antisyphilitic treatment responded readily to injec- 
tions of insulin. 

Mahler and Pasterny * reported a case of diabetes mellitus in whic! 
a hypophysial tumor was present. Sixty units of insulin produced prac- 
tically no effect on blood sugar or glycosuria but did produce a marked 
hydremia. 

Charles and Clarac * observed a case of diabetes showing a blood 
sugar of 326 mg. per cent and a daily output of 250 Gm. of sugar; 
marked acidosis was present. The daily injection of 60 units of French 
insulin modified neither the hyperglycemia, the glycosuria nor the 
ketonuria. The patient nevertheless improved and gained 8 Kg. 

A case that aroused much interest in Viennese medical circles was 
reported about three years ago from Falta’s clinic.4 An obese young 
man persented a typical severe diabetes, with acidosis. A rigid diet 
reduced the hyperglycemia and the glycosuria a little, but practically 
no effect could be noted from injections of insulin up to 160 units 
daily. Even when the patient was placed on a fasting diet, 20 units of 

* From the Medical Service of the Jewish Hospital of St. Louis. 

1. Charlton, P. H.: Diabetes Refractory to Insulin Relieved by Anti- 
syphilitic Treatment, Endocrinology 8:235 (March) 1924. 

2. Mahler, P., and Pasterny, K.: Clinical Observations on Insulin Action 
in Diabetes Mellitus, Med. Klin. 20:337 (March 16) 1924. 

3. Charles and Clarac: Two Cases of Diabetes Treated with Insulin, J. de 
méd. de Bordeaux 102:384 (May 10) 1925. 

4. Falta, W.: On an Insulin Refractory Case of Diabetes Mellitus, Klin. 
Wehnschr. $:1315 (July) 1924. Radoslav, C. S.: The Action of Insulin on the 
Blood Sugar of Man, Wien. Arch. f. inn. Med. 8:395 (July) 1924. 
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insulin given subcutaneously did not produce any effect on the blood 
sugar and, when it was given intravenously, the effect was minimal and 
of brief duration. 
In his discussion of the case, Falta suggested that this patient may 
t have had a pancreatic digbetes at all but that, with a normal produc- 
tion of insulin on the part of the organism, the disturbance may have 
been elsewhere. Thre’ months later, Bosch® recorded the further 
rogress of the patient. He had been taken off insulin and put on a rigid 
etrén diet, consisting exclusively of 5 per cent vegetables with from 
0 to 250 Gm. of fat. The daily output of sugar in the urine fell from 
\4+ to 1.5 Gm. ; occasionally, the urine was free from sugar. The blood 
‘ar fell to 0.16 per cent, and the patient was subjectively improved. 
\ similar case was recently reported by Kaufmann,” briefly and with- 
t detail, incidentally to a discussion of methods of determination ot 


TABLE 1. Cent mn Falta’s Case 


Blood Sugar in Mg. Per 


Blood blood Sugar After Injection 
Sugar Before — ~— 
Twenty Units Injeeted Injection 1 Hr. 2 Hrs. 3 Hrs. 4 Hrs. > Hrs. 
252 25a 258 261 256 22 
B 25 268 303 


2.—Kaufimann's Case 


rar before SB 375 324 274 
od r one hour after injection... H8 341 204 
od sugar two hours after injection............ 322 316 255 213 154 


i od su 


od sugar. Table 2 illustrates this patient’s lack of response to mod- 
erate doses of insulin and lier relatively slight response to large doses. 


The insulin was injected subcutaneously while the patient was fasting; 


blood sugar is in mg. per cent. 
(ther cases of diabetes mellitus more or less refractory to insulin 


ave been reported, usually without much detail, by Matthes,* von 
Noorden and Isaac,> Jaksch-Wartenhorst,® Strauss,'° Umber and 


5. Bosch, E.: On an Insulin Refractory Case of Diabetes Mellitus, Klin. 
Wehnschr. 3:1861 (Oct.) 1924. 

6. Kaufmann, E.: Rapid Micro-Determination of Blood Sugar, Med. Klin. 
22:1219 (Aug. 6) 1926. 

7. Matthes: Concerning Insulin, Deutsche med. Wehnschr. 50:487 (April 18) 
1924. 

8. Von Noorden, C., and Isaac, S.: Further Experiences Concerning Insulin 
Treatment of Diabetes, Klin. Wehnschr. 3:720 (April 22) 1924. 

9. Jaksch-Wartenhorst, R.: Insulin and Diabetes, Zentralbl. f. inn. Med. 
45:2 (Jan. 12) 1924. 

10. Strauss, H.: Concerning Insulin-Resistant Diabetes, Klin. Wehnschr. 
4:491 (March 12) 1925. 
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Rosenberg '! and Keller.‘ In some but not all of the patients, the 
diabetes was complicated by dysfunction of the thyroid and pituitary 
glands. None of them were even approximately as refractory to insulin 


as the following case recently observed in the medical service of the 


Jewish Hospital of St. Louis. 


REPORT OF CASE 

M. W., a young unmarried woman, had never been ill until late in 1922 
Then thirst and polyuria with progressive loss of weight and strength set in, and 
when first seen in March, 1923, she was found to have a mild diabetes. She was 
easily made sugar free and on a diet consisting of protein, 75, fat, 110, carbohydrate, 
75, remained so for more than two years. She then became careless about het 
diet and when she returned in December, 1925, was found to have a more 
obstinate glycosuria with a fasting blood sugar of 198 mg. per cent. She spent 
ten days in the Jewish Hospital and was discharged, sugar free, on a diet of 
protein, 54, fat, 120, and carbohydrate, 84, with 8 units of insulin twice daily. 

She was readmitted four weeks later, on account of sensitization to insulin 
in a somewhat unusual form. From five to seven hours after the administration 
of insulin, a large area of induration appeared at the site of injection, reaching 
a diameter of 10 cm. in from twelve to fifteen hours; the area was hot, angr) 
and tender for twelve hours more and then gradually faded. The reaction was 
identical with several brands of insulin. The addition of epinephrine to the 
insulin or its subsequent injection into the indurated area did not alter the 
reaction. The lower down in the body the injections were made, the more 
violent was the reaction; the latter always remained strictly confined to the sit« 
of the injection; there was no urticaria, angioneurotic edema or asthma. The 
reactions were just as severe with beef insulin as with the usual pork insulin, 
and were therefore to be ascribed to the insulin itself, not to the protein con- 
tamination. The patient was urged to continue the use of insulin in spite of the 
discomfort and gradually desensitization took place; the reactions ceased to 
occur. 

For several months the patient remained sugar free on protein, 54, fat, 120 
and carbohydrate, 110, with 30 units of insulin twice daily. In June, 1926, 
however, it was found necessary to reduce the carbohydrate to 60 Gm. and to 
increase the daily dose of insulin to 70 units. She then remained sugar free 
until September 1, when she found herself unable to control the glycosuria, in 
spite of an increase in the insulin dosage to 150 units daily. 

She was readmitted to the Jewish Hospital, Sept. 10, 1926, with considerable 
glycosuria and acidosis and a fasting blood sugar of 362 mg. per cent. She was 
put on a diet consisting of protein, 30, fat, 120 and carbohydrate, 30, with 60 
units of insulin. The excess of fat was evidently an error, for she promptly 
went into coma, accompanied by restlessness, semiconsciousness and a_ rapid, 
thready pulse; the urine contained much sugar, diacetic acid, albumin and casts. 
Under a regimen consisting of large doses of insulin with glucose given intra- 
venously, digifolin and hypodermoclysis, recovery was prompt. Thereafter, the 
fat in the diet was kept low, but in spite of large doses of insulin it was not 


11. Umber, F., and Rosenberg, M.: Concerning Insulin Refractory Glyco- 
surias, Klin. Wehnschr, 4:583 (March 26) 1925. 

12. Keller, F.: A Case of Diabetes Mellitus Refractory to Insulin, Wien. 
klin. Wehnschr. 39:1396 (Nov. 25) 1926. 
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found possible to keep the patient sugar free for more than an hour or two 
at a time. It is interesting to note that occasionally, after large doses of insulin, 
she still had an urticarial reaction but that this was now generalized instead of 
cing confined to the site of injection, as had occurred at first. 

Her lack of response to insulin at this time is well illustrated in table 3. On 
three successive days the patient received 50, 200 and 300 units of insulin, intra- 
venously ; she was fasting and was not receiving any food during the progress of 
the experiment. 

The blood sugar was determined by the Shaffer-Hartmann micromethod; * 
0.1 or 0.2 ce. of blood, allowed to flow freely from the finger tip or the lobe of 
the ear, was used for each determination. It is clear from the table that 50 units 


\BLE 3.—I/nfluence on the Blood Sugar of Insulin Injected Intravenously IVhile 
the Patient was Fasting 


Blood Sugar in Mg. Per Cent 


Insulin Insulin 

Insulin 50 Units 200 Units 300 Units 

Sept. 14 Sept. 1 Oet. 5 Sept. 15 Sept. 16 
injection 53: 300 
(ne half hour after injection. 57 72 5 282 

(ne bour after injection Bs 788 4A 240 

‘wo hours after injection... 148 

three hours after injection.. & 

bours after injection... 
Maximum fall in blood sugar..... ; 
verage urine in sugar in Gm. pez hour 


156 
218 


\BLE 4.—Comparative Effect on the Blood Sugar of 50 Units of Insulin Given 
to the Fasting Patient Intravenously and Subcutaneously 


Blood Sugar in Mg. Per Cent 


Time After Injection 
Before - A — Total Fall of 
Injection 14 Hr. 1 Hr. 2 Hrs. 3 Hrs. Blood Sugar 


injection 298 334 316 304 296 2 


Subeutaneous 
0385 139 61 


lntravenous injection 500 


if insulin did not produce any effect on the blood sugar, 200 units a slight effect, 
while even the enormous dose of 300 units did not result in any hypoglycemia 
and required three hours to reduce the blood sugar to the normal level. During 
these four days, the patient showed only a slight acidosis and felt well. 

As it had been suggested that insulin might be more effective when given 
subcutaneously than when given intravenously, the former method was also tried. 
cach of three days was begun by injecting 50 units subcutaneously and following 
the blood sugar through three hours before giving any food. Table 4 shows the 
comparative effect of 50 units given intravenously and subcutaneously. Each 
series is the average of three such tests. 

The comparison in table 4 is perhaps not fair, as the subcutaneous doses 
happened to be given while the blood sugar level was lower than when the 
intravenous doses were given. The greater effectiveness of the intravenous 


method is clear, however. 


13. Somogyi, M.: Notes on Sugar Determination, J. Biol. Chem. 70:607, 1926. 
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In an attempt to increase the response of the patient to insulin, it seemed 
worth while to try the effect of parathyroid extract. Winter and Smith,” in 
1923, had shown that when insulin and parathyroid extract were injected simul- 


taneously into fasting rabbits, hypoglycemic convulsions ensued in a much 


sho.ter period than after plain insulin and with only from one third to one 


fourth of the usual dose of the latter. Forrest’® even published reports of the 
blood sugar curves of five diabetic patients who, while fasting, received insulin 


subcutaneously and parathyroid tablets by mouth. The average fall in the 


blood sugar when 15 or 20 units of insulin alone was given was 163 mg. pet 


cent; after the administration of insulin plus from 4 to 12 parathyroid tablets, it 


was 239 mg. per cent, nearly half as much again. Cammidge and Howard’ 


found that the hydrolysis of sugar by liver extract in vitro is retarded by 


insulin, and that this retardation is greatly increased when parathyroid extract 
also added. In our patient, parathyroid extract did not seem to be without 


effect. On successive days, she was given 50 units of insulin subcutaneous] 


with the addition of increasing amounts of parathyroid extract. She had fast 


more than twelve hours before the injection, and did not receive any food 


during the pe riod of observation. 


Tarver 5.—Effect on Blood Sugar of Injecting 50 Units of Insulin Hypodermicall. 


hile Patient was Fasting, Together with Varying Amounts of 


Parathyroid Hormone 


50 Units Insulin Plus Parathyroid Extract 


None 1 Ce. 2 Ce. 8 Ce 
Mg. Mg. Mg. Mg 
Per Cent Per Cent Per Cent Per Cent 
Before injection..... 314 289 
One half hour after injection patents 316 314 283 
One hour after injection...... 315 297 
Two hours after injection...... : ? 280) 292 3 
Three hours after injection....... : 281 284 27 
Maximum fal] in blood sugar............ 36 


An instructive example of the patient’s behavior toward insulin is seen 11 


the blood sugar during and after a day of profound acidosis. On October 15, a1 


attempt was made to see how the patient would react to a low calory diet without 


insulin, On that day she was given a total of protein, 15; fat, 18 and carbohy- 


drate, 32 (357 calories) divided into three meals. The following mornig shi 


was found in a precomatose state with the usual symptoms. During that day, 


she received SOO units of insulin, which did not produce any perceptible effect on 
the blood sugar, and it was not until the next day, when an additional 265 units 


of insulin was given, that the condition of profound acidosis cleared up. On 


the third day, however, before any more insulin had been given—indeed fifteen 


hours after the last dose—the fasting blood sugar was only 60 mg. per cent. It 


remained low all that day, and there was a little sweating suggestive of hypo- 
glycemia. On the fourth day, the fasting blood sugar was only 58 mg. per cent: 
at noon, it rose to 390 mg. per cent and remained high thereafter. 


14. Winter, L. B., and Smith, W.: Possible Relation Between Pancreas and 
Parathyroids, J. Physiol. 58:108 (Oct.) 1923. 

15. Forrest, W. D.: The Effect of Parathyroid on the Blood Sugar Curve 
After Insulin, Brit. M. J. 2:916 (Nov. 17) 1923. 

16. Cammidge, P. J., and Howard, H. A. H.: Influence of Insulin upon the 
Activity of the Diastatic Ferment of the Liver, J. Metabol. Res. 5:95 (Jan., 
March) 1924. 
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Chis observation indicates clearly that, in this patient at least, the insulin is 
it rapidly excreted, as is generally supposed, but must have circulated in the 
od, unaltered for many hours. It is also in harmony with the hypothesis that, 
this case, the hyperglycemia was due to the lack of some associated glycolytic 
ment. If the latter is supposed to have been absent, or nearly so, during the 
st two days, and then to have been produced again in a more nearly adequate 
ount, the drop in blood sugar can be readily explained. 

The response of the patient to insulin varied greatly from day to day but was 
vays less than in cases of ordinary diabetes. The total carbohydrate utilized 

unit of insulin injected rarely rose above 0.7 Gm., sometimes fell below 
Gm. and averaged 0.53 Gm. On the whole, as is usually the case in diabetes, 


effectiveness of the insulin per unit varied inversely with the quantity used 


Tas_e 6.—L fect of Insulin During Period of Acidosis; All Insulin 
Given Subcutancously 


Food Blood Sugar 
Insulin Mg. 
Units Per Cent 


480 Nausea and von 

558 Kussmaul breathing 

510 

514 

576 No improvement 
No improvement 
Digifolin; hypodermoclysis 
Almost pulseless; vomiting 
Digifolin; no improvement 
No improvement 
Hypodermoclysis 


Light sweat 


00 p. mn. lt 2 23 0 Light sweat 
:00 a.m. wi § Sweating 
a.m. 

00 p.m. 3 Feels well 


8: 


The patient remained under observation at the Jewish Hospital from September 

to Dec. 4, 1926. During all of this time she was on a varying but greatly 

tricted diet, the maximum intake on any one day being protein, 75 Gm., fat, 
5) Gm, and carbohydrate, 100 Gm. While her response to insulin varied 
somewhat, she constantly required unusually large doses of insulin, not to keep 

r urine sugar free, for that was possible for only a few hours at a time, but 
to keep her reasonably comfortable. Every attempt to reduce the dose of insulin 
was promptly followed by an alarming ketonuria and, if persisted in, by symp- 
toms of impending coma. The average daily dose of insulin while she was in 
the hospital was 317 units, a total of 26,965 units in less than three months. 
Repeated attempts were made to reduce the dose. Each time, however, an 
alarming acidosis supervened, from which the patient could be rescued only 
by the administration of enormous amounts of insulin. Thus, on November 9, 
1,000 units of insulin had to be given in broken doses; on November 12, 1,100 
units were given, 300 subcutaneously and 800 intravenously. For a period of 
several days, beef insulin was used instead of the usual hog insulin; no 
difference in the effect could be noted. 

From time to time, the manner of administration was modified, in the hope 
of rendering the insulin more effective. Thus, during the first week in October, 


8:00 a.m. G 6 10 
12:00 a.m. 4 6 12 
10:00 a.m. 
10:30 a.m. : 
11:30 a.m. 
4:20 p.m. | 
6:00 p.m. 20) 
9:00 p. 200 
7 1:00 a. In. 
12:00 a.m. 20 29 65 ter 
OO a. In. lt 29 2 65 60 
le 
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the patient was put on a diet of protein, 75, fat, 50 and carbohydrate, 105 Gm.: 
50 units of insulin were given subcutaneously before breakfast, and ten hourly 
injections of from 10 to 20 units were given during the day. The patient was 
never made sugar-free for more than an hour, and the total effect on blood and 
urine sugar was detinitely less than when one or two large doses were given. 
The observations made October 7 (table 7) illustrate her lack of response to 
this therapy. 

Aiter four days of this method of treatment, it was discontinued, both 
because it was ineffectual and because the patient objected to the numerous 
injections. The best results were finally obtained when a single large dose of 
insulin, from 240 to 400 units, was given before breakfast with a diet consisting 
of protein, 75 Gm., fat, 150 Gm. and carbohydrate, 100 Gm. A moderat 
glycosuria persisted, to be sure, and the blood sugar remained high, but the 


patient felt comfortable and gained in weight and strength. 
Early in December, she was allowed to go to her home in the country, 01 
this diet, with instructions to give herself an injection of 240 units of insulin 


Tas_e 7.—Lack of Response of Patient to Insulin Therapy 


Food 


Urine 
Insulin Carbo- Blood Sugar (G1 
Time Units) Protein Fat hydrate Sugar per Hou 


every morning. Six days later, she returned with the statement that on this 
regimen her urine had remained sugar-free and that she had been having 


increasingly severe hypoglycemic reactions. A few days’ study in the hospital 


showed that, while the blood sugar during fasting remained more than 200 meg. 
per cent, the glycosuria could now be controlled by a daily dose of 175 units 
of insulin. At a later visit in February, the dose could once more be reduced 
to 128 units. Since then she writes that she has felt entirely well and finds no 
difficulty in doing her full work as a school teacher. On a single dose of 104 
units of insulin in the morning, her urine is constantly free from sugar and she 
occasionally has a mild hypoglycemic reaction. The dose could probably be cut 
down still further, but she cannot spare the time to come to St. Louis for 
further study. It would appear that her condition is now that of a moderately 
severe diabetes of the usual type. 


COMMENT 


In considering the behavior of this patient toward insulin, several 
plausible explanations suggested themselves. One was the possible pres- 
ence in her blood of some substance, perhaps an antiinsulin, capable 
of inactivating all but excessive doses of the hormone. In order to 


= = 
9:00 a.m. 304 
10:00 a.m. 40 25 300 10 
12:00 p. m. 31 
1:00 p. m. 25 5 1.8 
2:00 p. mn. 20 1.5 
3:00 2» 90 
4:00 p.m. 1.8 
+ 
7:00 5 
8:00 p. 5 
8: p.m 4.5 
1:00 p.m. 40 
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determine this, 10 cc. of the patient's blood serum was added to the 
minimum amount of insulin required to produce hypoglycemia in fast- 
ing rabbits and the mixture injected into two such animals. If an anti- 
insulin had been present in the blood, the rabbits should have failed to 
respond by hypoglycemic reactions. The effect on the rabbits was, 
however, just the same as though the insulin had been injected without 
the admixture of the blood. The presence of an antiinsulin was thus 
disproved, 

In view of the fact that the patient had repeatedly shown allergic 
phenomena following the injection of insulin, the possibility that the 
insulin may have been destroyed in the tissues by some anaphylactic 
process had to be considered. However, aside from the difficulty of 
explaining the destruction in this manner of the large doses given, we 
iailed to demonstrate the constant presence of any action of this kind. 
the intracutaneous injection of insulin in high concentration did not 
cause a local reaction, and the blood serum did not show any trace of a 
precipitin reaction with insulin containing 240 units per cubic centimeter. 

It has been stated that insulin is rapidly and almost quantitatively 
excreted in the urine, provided the kidneys are normal. With the rela- 
tively small doses ordinarily administered in human cases, the detection 
of insulin and especially its quantitative determination in the urine are 
difficult and are fraught with many possibilities of error. In our patient, 
ihe unusually large doses given should have made it easy to detect insulin 
in the urine, if Carlson’s view is correct. On two occasions, once after 
the administration of 50 units in a single dose, intravenously and after 
fasting, and again after the subcutaneous injection of 900 units within 
twelve hours without food, the urine was carefully examined. The total 
amount was concentrated, salted out by saturation with ammonium 
sulphate, the precipitate obtained fractionated by iso-electric precipita- 
tion, and every fraction, the iso-electric precipitate as well as the 
mother liquor, was tested on rabbits. No action of insulin whatever 
could be made out. This shows definitely that in our patient, at any 
rate, an appreciable amount of insulin was not lost through the kidneys. 

These considerations lead us to the belief that the peculiar reactions 
shown by our patient can best be explained by assuming that her diabetes 
was not due exclusively to pancreatic insufficiency but to the lack of some 
substance other than insulin and equally necessary for the metabolism 
of carbohydrates. 

This explanation, also suggested by Falta in his case referred 
to, is in accord with current theories, based on a large volume of 
experimental work. Thus, according to Brugsch and Horsters,"* 
tissues of the muscle and liver and other tissues contain a synthesizing 


17. Brugsch, T., and Horsters, H.: Phosphatase and Phosphatese of the 
Hexose-Diphosphoric Acid, Biochem. Ztschr. 155:459, 1925. 
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enzyme, “phosphatese,” which converts glucose into hexose-diphosphate 
(the lactacidogen of Embden and his school), as a necessary step in its 
catabolic utilization. Phosphatese, according to Brugsch, is in itself 


inactive without the presence of insulin, which “seems to be a kinase, 
capable of activating it.” This view is supported by the fact that when 
sugar disappears from the blood under the action of insulin, phosphoric 
acid, too, is simultaneously withdrawn from the circulation.'* 

Lundsgaard and his associates '” also claim to have demonstrated the 
presence of an enzyme in muscle, which reacts with glucose only in the 
presence of insulin. The reaction in this triangle of substances 1s, 
however, entirely different from that assumed by Brugsch. It consists 
in the transmutation of the ordinary a-8 glucose into a reactive isomeric 
form, which they call **neo-glucose” and which alone can be utilized by 
the tissues. The muscle enzyme, which they call ‘insulin complement,” 
and insulin itself must be present simultaneously to bring about this 
change. 

Ahlgren *" approached the problem from a somewhat different angle, 
by employing Thunberg’s methylene-blue technic, but arrived at sub- 
stantially identical conclusions. His long array of convincing experi- 
ments in vitro demonstrates that fresh tissue from muscle contains an 
enzyme, “glycomutin,” which in the presence of insulin changes the 
ordinary glucose into a more reactive form. 

In the light of these experiments, we deem it at least possible that 
in our patient the obstinacy of her hyperglycemia was caused not so 
much by a lack of production of insulin as by an insufficiency of the 
muscle enzyme (phosphatese, insulin complement, glycomutin). The 
fact that enormous doses of insulin were finally effective can be 


explained by the law of mass action which, to a certain extent, is valid, 


also in enzymatic and immunologic reactions. We assume that the 
normal concentration of the muscle enzyme was cut down by some 
functional disturbance and that the huge doses of insulin were required 
in order to compensate for this deficiency. A similar phenomenon is 
sometimes observed in the relationship between complement and 
sensitizer. The patient’s final and so far permanent improvement 
would then be accounted for by the restoration of the temporarily 
impaired supply of the muscle enzyme to its normal concentration. 
The foregoing hypothesis also accounts satisfactorily for our patient's 

18. Briggs, A. P.; Koechig, I.; Doisy, E. A., and Weber, C. J.: Some 
Changes in the Composition of Blood Due to the Injection of Insulin, J. Biol. 
Chem. 58:721, 1924. 

19. Lundsgaard, C., and Holboell, S. A.: Effect of Insulin and Muscle Tissue 
on Glucose in Vitro, J. Biol. Chem. 62:453, 1924; 70:71, 1926. Lundsgaard, C.: 
Holboell, S. A., and Gottschalk, A.: Ibid. 70:89, 1926. 

20. Ahigren, G.: Insulin and Tissue Oxidation, Skandin. Arch. f. Physiol. 
47:149, 1925 (supp.). 
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ailure to respond to broken doses of insulin. It has frequently 
been observed and has been shown experimentally by Holm *! that, 


ordinary cases of diabetes, repeated small doses of insulin affect 


blood sugar far more profoundly than the same total dose adminis- 
red in a single injection. In our case, however, from 200 to 300 
nits of insulin, distributed into 10 or more injections in the course 

the day (table 7) were definitely less effective than a similar dose 
lministered as a single injection. It seems difficult to avoid the con- 
lusion that the prinicple of mass action must play a part here and, if 
that the patient’s condition must be due to a lack of muscle enzyme 


f some similar agent and not to the pancreatic secretion alone. 


SUMMARY 

\ case of diabetes mellitus is reported, which showed the following 
culiarities : 

1. Beginning as a mild case, it rapidly became more severe and at 

time showed an allergic reaction to insulin. 

2. For a period of some months, the patient proved relatively refrac- 
to insulin, responded only to enormous doses of insulin and slipped 

to coma or precoma as soon as these doses were reduced. 

3. During this period, the patient did not respond better to fractional 
ses of insulin than to an equivalent single dose: on the whole, the 
iter was more effective than the former. In ordinary diabetes, the 
verse is true. 

4. To a moderate degree, the patient’s response to insulin seemed 
be increased by the simultaneous injection of parathyroid extract. 

5. Later, the response to insulin increased, and the case again became 

n ordinary, moderately severe diabetes. 

6. It is shown that the patient’s failure to respond in the usual 
nanner to insulin can be explained neither by a destruction of insulin 
in the body nor by its excretion in the urine. 

7. It is suggested that in this case, as perhaps in other similar ones 
reported in the past few years, the diabetes was due not only to 
a lack of pancreatic secretion, but also to a lack of muscle enzyme 
(phosphatese, insulin complement, glycomutin). 

If our conclusions are confirmed by the observation and study of 
similar cases, we may be justified in assuming the existence of at least 
two varieties of diabetes mellitus: the one due to pancreatic disease and 
responding to insulin; the other due to a deficiency in the production of 
a muscle-enzyme and relatively refractory to insulin. 

21. Holm, K.: On the Quantitative and Optimal Action of Insulin, Klin. 
Wehnschr. 5:2157 (Nov. 12) 1926. 
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VITAL 


CAPACITY OF CHINESE STUDENTS * 
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The last decade has seen a revival of interest in the subject of vital 


capacity as a diagnostic and prognostic measure. This interest has been 


accompanied by an increased output of literature on the subject, much 


of which has been of practical as well as of scientific value. ‘This paper 


presents the results of a study of the vital capacity of Chinese students 


similar socially to the American groups studied by Hastings,’ Baldwin,’ 


Hitchcock * and others. The results may be directly compared with 


analogous American data. 


\ comprehensive review of the literature on vital capacity was pre- 
sented by Dr. J. A. Myers * in the excellent monograph, “Vital Capacity 


of the Lungs.”” Hence I shall dispense with a historical discussion ot 
the study of vital capacity and with a review of the literature in this 
paper and proceed to the subject indicated in the title. This study was 


made during the last three vears, while [ was in charge of the profes- 
sional school of physical education of the National Southeastern Uni 


versity of Nanking, China. 


OF 


SUBJECTS STUDY 

The men of this study are divided into three groups. ‘The first group 
includes 1,151 men students of the National Southeastern University of 
Nanking, China. These students had an average height of 168 cm. 
(66 inches) and an average ponderal index, in metric units, of 22.4. 
They are about 10 per cent lighter in weight than Americans of the same 
age and height. The latitude of Nanking is approximately that ot 
Savannah, Ga., and Nanking probably has a slightly higher average 


humidity. 

Members of this student body have engaged in a normal amount of 
athletics since becoming college students, and have largely come from 
middle schools in which exercise was required to about the same extent 
as in the schools of the United States about ten years ago. Their play 


* Department of Physical Education, National Council Y. M. C. A. 
1. Hastings, W. W.: Manual of Physical Measurements, 1902. Seaver, J. W.: 
Anthropometry and Physical Examination, published by author, 1909, p. 110. 

2. Baldwin, B. T.: The Fifteenth Yearbook of the National Society for the 
Study of Education, page 11, part 1, Chicago, University of Chicago Press, 1916. 

3. Hitchcock, Edward, in Seaver: Antropometry and Physical Examination, 
published by author, 1919, p. 90. 

4. Bibliography in Myers, J. A.: Vital Capacity of the Lungs, Baltimore, 
Williams & Wilkins, 1925. 
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life as children has been less active than that of American children ot 
the same ages. The standards of vital capacity proposed will be largely 
comparable with American student anthropologic statistics of the kind 
that are available in the tables chosen for comparison. These students 
come predominantly from the Yangtse Valley, though, in lesser num- 
hers, they represent all of China. 

The second group is composed of about 400 students from the ele- 
imentary and middle schools attached to the Teachers College of the 
National Southeastern University of Nanking. The comments on the 
lirst group would apply to these students as well, except for the fact 
that the students of the elementary school are almost all from Kiangsu 
Province. 

The third group includes 2,458 students from Hongkong. These 
students range from 5 to 19 years of age. They are all “Cantonese,” 
ind represent the subtropical group of Chinese. They are anthropologi- 
ally different from the Kiangsu Chinese and, as will be seen, show 
differences in vital capacity. The measurements of these students were 
made available to me by A. E. Dome, physical director of the Y.M.C.A. 
in Hongkong. 

Two groups of women were studied. The first included 131 college 
students of the National Southeastern University and of Ginling Col- 
lege, both of Nanking. (For these records I am indebted to Miss kK. J. 
Ku of the National Southeastern University, and to Miss Emily I. Case 
of Ginling College. ) 

The second group was made up of 576 girl students of the elementary 
and middle schools of Nanking, measured by Miss Lung-yuan Du, a 


research student working under my direction. 


PURPOSES OF THIS STUD) 
The objectives of this study may be outlined as follows : 


1. To determine the best basis for the prediction of normal vital capacity 

2. To determine the normal variability in the vital capacity of the Chinese 

3. To ascertain the relationship of “chest expansion” to vital capacity. 

4. To ascertain whether or not there was a relationship between overweight 
and underweight and vital capacity in the Chinese. 

5. To determine statistically normal standards of vital capacity for Chinese 
students and to present tables for the “normal” vital capacity. 

6. To compare the vital capacity of the Chinese of different anthropologic 
groups; specifically, to compare the vital capacity of Southern Chinese with 
that of East Central Chinese. 

7. To compare the vital capacity of the Chinese with that of Americans of the 
same social class. 


In the studies presented here, it should be noticed that all measure- 
ments of vital capacity represent the volumes obtained with the water 
in the spirometer at room temperature. I have found that the ordinary 
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wet spirometer as [ used it (the instrument manufactured by the 
Narragansett Machine Company ) varied in the volume recorded accord- 
ing to the temperature of the water... When the tube running up 
through the water was altered to offer more surface area per unit of 
cross-section, the volume recorded by the instrument varied exactly with 
the volume to be expected when corrected for temperature and vapor 
pressure. .\s the air expired is approximately 37 C. in temperature and 
saturated with water vapor, this correction gives a volume at the various 
temperatures as recorded in table 1. The volumes given in this artick 
have not been corrected for this change in volume, as it is thought that 
most recorded volumes will be taken with water at room temperature 
The water in the spirometer was approximately 18 C., and the error for 


that temperature should not be larger than 1 or 2 per cent. 


ionate Volumes of Air Expired into a Spirometer with Water 


at Different Temperatures * 


Pemper Per Cent Per Cent Per Cent 
ature by Volume Temperature by Volume Temperature by Vohin 
7 92.59 11 $7.04 
86 99.33 3 92.12 10 86.68 


91.65 9 $6.30 


To correct, the volume is divided by the percentage given. Al!] temperatures are given 


MOST 


SATISFACTORY BASIS FOR. THE PREDICTION OF NORMAL 


VITAL CAPACITY 


The variables generally used in endeavoring to predict vital capacity 
have been height, weight, girth of chest and surface area. I have mack 
various trials with these variables and also with combinations of height 
and weight computed from multiple correlations. In computing multiple 
regressions, it will be readily seen that the regression of height on 
weight will be far too curvilinear to use in computing multiple correla- 
tions according to the usual formulas. I have tried to avoid this 
difficulty to some extent by cubing the height. This did not entirely 
avoid the trouble, but it did give regressions much more linear than 
would have otherwise been the case. The results obtained in this part 
of the study were as follows: 


5. McCloy, C. H.: On Using the Spirometer as an Instrument of Precision, 
American Physical Education Review, May, 1927. 


TABLE | Proport 
34 98.04 91.20 85.93 
= 33 97.63 2 90.75 7 $5.57 
| 06.26 18 5 S454 
30 5.69 7 “1.46 
9.14 16 3 S4.14 
94.61 15 88.68 2 83.79 
7 4.09 88.23 1 
2 93.58 13 S7.S4 
centigrade 
oe 
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Students of the National Southeastern University, and the South- 
stern University Middle School and Elementary School.—In all 
results given, the usual symbols are used. The letter “‘r’’ represents the 
correlation coefficient ; ‘*y"” represents the correlation ratio for curvilinear 
material; “o’ represents the standard deviation. Subscripts will be 
\ plained. 
a. Southeastern University men students : 
Height and vital capacity: r = 0.433 + 0.025 
Weight and vital capacity: r = 0.566 + 0.020 
Partial correlations according to the usual methods for rectilinear 
vressions gave the following figures: 
Height and vital capacity, weight partialed out: r = 0.1169 + 0.0247 
Weight and vital capacity, height partialed out: r— 0.4205 + 0.0239 


'n both these cases, the curvilinearity of the regressions of height on 
cight and of height on vital capacity prevented the figures from being 
enificant. It is more significant, however, than would be the case with 
larger range of ages, as in the other data given. Another attempt 
partial out height was made by correlating the cube root of the weight 
vided by height with the cube root of the vital capacity divided by 
ight. The correlation coefficient was 0.350 + 0.021. 

rhe attempt to secure a multiple correlation with not too high a 
egree of curvilinearity resulted as follows (numbers in each case being 

1,160) : 


Weight and (height)*, r = 0.5635 + 0.0135 
Weight and vital capacity, r = 0.5396 + 0.0140 
Vital capacity and (height)*, r = 0.4634 + 0.0155 


With Yule’s" multiple regression, r= 0.4723 + 0.0155 


Clearly this multiple regression is thrown out by the curvilinearity 
ot the two-variable intercorrelations, and is less than the correlations 
with height and weight alone. I shall, therefore, not discuss it further in 
this paper. 

The next variable tried was girth of chest. This was taken at the 
level of the base of the ensiform and represented the mean of measure- 
ments taken at full inhalation and exhalation: girth of chest and the 
cube root of vital capacity: r=0.441+0.019. That this was not 
greatly dependent on height was demonstrated by correlating girth of 
chest divided by height against the cube root of vital capacity divided 
by height ; r= 0.407 + 0.020. 


6. Yule, G. Udny: An Introduction to the Theory of Statistics, C. Griffin 
and Co., 1924, p. 233. Kelley, Truman: Statistical Method, New York, The 
Macmillan Company, 1923, p. 283. 
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An attempt was made to secure a combination index which would 
represent girth of chest and height together. This was done by cor- 
relating the vital capacity against the “normal” weight for height and 
body build according to the method I developed.’ In this standard, the 
normal weight is taken from height and mean girth of the chest. This 
correlation proved to be slightly less than for weight alone, being: 
r = 0.5580 + 0.0165. 

The correlation S of vital capacity with surface area, computed by 
the Dubois formula, gave in each case the best results. With the college 
students, a homogeneous group, the correlation was r == 0.6006 + 0.0127. 

With a group of elementary school, middle school and college men, 
the correlation of vital capacity with surface area was as follows: 


r= 09122 = 0.0043. = 0.9147 + 0.0042. N = 35:16. 


which is far within the bound of linearity according to Blakeman’s 


criterion. This large correlation is partly spurious, owing to the wide 


range of ages involved, and no one age would give nearly as large a cor- 
relation coefficient. It is significant, however, that the regression is 
linear and that the normal standards may be predicated on the regres- 
sions found. This correlation with surface area was so much larger 
than with any one variable that it is obviously the most satisfactory 
device I have tried. 


Hongkong Students —Correlations obtained were as follows : 


Height and vital capacity r = 0.7822 + 0.0054 
Weight and vital capacity r = 0.8055 + 0.0048 
(Height)* and vital capacity r = 0.8311 + 0.0042 
(Height)* and weight r = 0.8990 + 0.0026 


Individual partial correlations, though not reliable, owing to the 
curvilinearity of the data, were nevertheless computed and gave the 
following results: 


h'v.ce = 0.4046 = 0.0114 (“h*” denotes (height)*, “w” denotes weight, 
Teyy.h® = 0.2517 = 0.0134 and “v” denotes vital capacity.) 


These results are just opposite to those found with the Southeastern 
University data, in which weight gave the greater partial correlation. 
Owing to the curvilinearity, multiple regressions were not calculated. 

7. McCloy, C. H.: Weight Standards for the Individual, American Physical 
Education Review, September, 1926. 

8. DuBois and DuBois: Clinical Calorimetry, Tenth Paper. Arch. Int. Med 
17:863 (June) 1916. 
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Surface area correlated with vital capacity as follows: 
r = 0.8370 0.0045 0.8493 + 0.0038 N= 2,458 


(his is the highest correlation obtained, but is not greatly higher than 
that obtained with height cubed. <All Hongkong correlations are 
spuriously high, owing to the wide range in age. According to Blake- 
nian’s criterion, this would not fall within the bounds of linearity. The 
line of the means of the arrays, however, follows closely that of the 
regression line, and I do not believe that Blakeman’s criterion in such 
a case, having such a large number, is necessarily valid. Means of 
arrays which slightly zigzag up the regression line owing to chance 
errors of the small numbers in an array will give a smaller correlation 
coefficient, but the best fitting line may still be a straight line. The 
correlation ratio, however, will be large in comparison to the correlation 
coefficient and will fall outside of Blakeman’s criterion. It seems to me 
that this is the case in this correlation. 

Nanking Girls and Women.—_Correlations obtained with college 
vomen were as follows: 


Weight and vital capacity r=0.376 + 0.051 
Height and vital capacity r= 0.394 + 0.049 
Surface area and vital capacity r = 0.4999 + 0.044 


The correlation obtained with elementary, middle school and college 
rls combined is as follows: surface area and vital capacity, 

0.6064 + .0178. == 0.6168 + 0.0174. N 1?) == 7.37, which 
would indicate linearity of regression. 

It would seem from these data that in each case surface area is the 
most satisfactory method of predicting vital capacity of the Chinese 
groups studied. With the charts given by Dubois or by the logarithms 
that I have prepared, this may be conveniently computed, and in addition 
it gives the greatest accuracy of prediction. 


NORMAL VARIABILITY OF THE VITAL CAPACITY IN 
THE CHINESE 

The variation of all records of men from the statistical norm was 
computed. The probable error of the distributions of the arrays aver- 
aged 8.8 per cent of the mean. This was computed from a group of 
4,402 cases, including all Nanking and all Hongkong cases. This, how- 
ever, is only the probable error; that is, this represents a deviation in 
which approximately half of the cases fall outside the limits. This is a 
greater deviation than is comfortable for predictive purposes. It should 
be the aim of future investigation to discover some method which will 
cut this large error to smaller dimensions. For university students 

alone, this error was 6.8 per cent of the mean. 
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RELATION OF “CHEST EXPANSION” TO VITAL CAPACITY 

It has been the custom of insurance examiners and of some other 
physicians to utilize the difference in girth of the chest at full expansion 
and full contraction as a measure of vital capacity. I wished to deter- 
mine the validity of this procedure for Chinese students. 

A previous experiment that I* made demonstrated conclusively that 
measurement of the chest at the level of the nipples was not a reliable 
measurement and that the best measurement was that taken at the level 
of the base of the ensiform. Measurement at the nipple line includes 
the pectoralis major and the latissimus dorsi and, in women, the variable 
factor of the mammary gland. A slight contraction of the muscles named 
will make a large spurious difference in girth of the chest. I know many 
men who can attain an “expansion” of fully 6 inches with no movement 
of air into the lungs, when the tape is at the level of the nipple. Ther 
is little spurious expansion at the level of the ensiform. Hence, all 
measurements were taken at that level. 

A correlation of vital capacity with chest expansion gave a correla- 
tion coefficient of 0.3214+0.0256 in 553 male college students. This 
is, however, a spuriously high correlation, for it was found that expan- 
sion was approximately 10.8 per cent of the girth of the chest for all 
sizes of college students. Since mean girth of chest correlates 0.441 
with vital capacity, a large chest would usually be accompanied by 
larger vital capacity, as well as by a larger expansion, and this would 
give a spuriously high correlation. 

Both vital capacity and chest expansion were next reduced to a 
common height level. A correlation of the chest expansion divided by) 
height and the cube root of the vital capacity divided by height gave a 
correlation coefficient of only 0.1260+0.0599, which, according to the 
usual criterion that the coefficient should be three times as large as its 
probable error, is not significant. This would indicate that chest expan- 
sion was not a safe guide to vital capacity in the Chinese student. This 
was not tried with women, but I have obtained a correlation coefficient, 
using the same procedure on the data from American women, of 
0.3068 +0.0331. This is much higher, but is not an indication of a 
real relationship which would make safe prediction easy. 


RELATIONSHIP OF VITAL CAPACITY TO NUTRITION 


In this study, normal weight for height and body type was computed 
from my tables.’ The amount overweight or underweight was then 


computed and correlated against the cube root of the vital capacity 
divided by the height. The correlation coefficient was 0.158+0.028 with 


9. McCloy, C. H.: Ts'’e-liang Fei Pu-ti Yen-chiu (Studies on Measurement 
of the Lungs). Chinese Journal of Physical Education and Hygiene, Shanghai, 
Commercial Press, 1925, vol. 3, no. 4. (In Chinese.) 
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537 men. The probable error of this correlation is well within the 
limits of one-third the correlation coefficient. While this correlation is 
small, it seems to us to have some significance. In the first place, weight 
was estimated not only for height, but also for body build. I have 
lemonstrated * that this reduces the chance error from more than 7 per 
‘ent to about 2.4 per cent. In the second place, weight and lung capacity 

iy, independently, no small amount; hence there would normally be a 
wide scatter in correlationship. I believe that this small correlation is not 

together insignificant and that it indicates that there may be some 

iusal relationship between undernourishment and small vital capacity or 
vice versa, or that there may be a common factor causing both. 


NORMAL STANDARDS OF VITAL CAPACITY FOR CHINESE STUDENTS 
WITH TABLES FOR PREDICTING INDIVIDUAL 
NORMAL VITAL CAPACITY 

Certain studies of vital capacity have postulated a standard based on 
constant times the surface area or times the height. Thus, West ?° 
roposes a standard for men of 2.5 liters per square meter of surface 
a. My results would seem to point to the conclusion that, with the 
igh degree of rectilinearity found, the regression line of the correlation 
etween vital capacity and surface area is a more dependable device, for 
e ratio of surface area to vital capacity changes at different ages and 
izes of man. In the correlations which I obtain with Chinese data, the 
litferences between the correlation coefficient and the correlation ratio 
re small and fall within the normal limits of a variability due to chance. 
In other words, even for comparatively large age ranges the regression 1s 
juite linear. 
As will be seen in the tables, the standards obtained for college 
tudents in each case are slightly larger than for those below the college 
ages. I have some data, too incomplete for publication, which would 
indicate that there is an increase with the onset of the postpubescent 
period. In medical examinations, it is usually feasible to ascertain the 
“physiologic age’! ; hence it might be in order to secure data, dividing 
the groups at the age of either the onset of pubescence or the comple- 
tion of the pubescent period and the beginning of postpubescence, and to 
present separate standards for the two groups. This would undoubtedly 
vive more accurate standards for those near this age. In the standards 
presented here, this has not been done. I believe that the college standards 
may be used for all those of an age of postpubescence, while the 

standards given for others may be used for the prepubescents. 


10. West, H. F.: Clinical Studies on the Respiration: VI, Arch. Int. Med. 
25:306 (March) 1920. 

11. Crampton, C. W.: Physiological Age, American Physical Education 
Review, March, 1908. 
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Essential Data for Computation of Tables —College men of East- 
Central China: 
Mean surtace area 1.570 square meters 
Mean vital capacity 3.324 liters 
Correlation coefficient r = 0.6006 + 0.0127 
-quation of regression line V.C. = 3.105 (S.A.) — 1.551 
I-lementary, High School and College Students of East Central 
China: (About one-fifth were college students.) The correlation table 
for this group is shown in chart 1. On this chart, I have plotted the 
regression line for this group, and for comparison, the regression line 
for college students. It will be seen that the regression for the college 
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Chart 1—Scatter diagram for Nanking students of all groups. 


students runs slightly higher than that for the other group. On this 
chart, I have also indicated averages for American students. The dots 
are the medians for a given age, height and weight, taken from 
Hastings.' The ages range from 6 to 16. Those marked with a “1” 
represent medians of Amherst students, taken from Hitchcock’s * data. 
It will be seen that there is little difference between American and 
Chinese data. 

Mean surface area 1.260 square meters 

Mean vital capacity 2.129 liters 

Correlation coefficient r = 0.9122 + 0.0043 

Correlation ratio = 0.9147 + 0.0042 


Equation of regression line V.C. = 3.063 S.A.) — 1.71038 
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South China Students (Hongkong) : The correlation scatier diagram 
of this group is given in chart 2. This regression is not absolutely 
linear, but is close to linearity. Owing to the acceleration at the age of 
puberty, one would expect to find that the line of means of the arrays 
would take an upward slant at about that period. This does not prove 
to be the case, however. On the scatter diagram, I have indicated the 
line of means of vital capacity by dotted line. 


Mean surface area 1.247 square meters 
Mean vital capacity 2.122 liters 
Correlation coefficient r = 0.8370 + 0.0045 
Correlation ratio n = 0.8493 + 0.0038 


Equation of regression line V.C. = 2.3676 (S.A.) — 0.830397 


\Vomen of East-Central China: The number of cases of college 
women was not sufficiently large to give trustworthy results, but they 
are given, together with comparisons with other data, for what they may 
be worth. 


Mean surface area 1.4257 square meters 
Mean vital capacity 2.0477 liters 
Correlation coefficient r = 0.4999 + 0.0442 


Equation of regression line V.C. = 1.6595 (S.A.) — 0.317 


All Girl Students: The scatter diagram of the correlation is given 
in chart 3. On this table, I have plotted the regression for this chart, 
and also the regression for the college students alone. Medians for 
\merican students are also plotted thereon. These will be referred to 
subsequently. The regression of this table is linear. 


Mean surface area 1.321 square meters 
Mean vital capacity 1.797 liters 
Correlation coefficient r = 0.6064 + 0.0178 
Correlation ratio 7 = 0.6168 + 0.0174 


Equation of regression line V.C. = 1.7112 (S.A.) — 0.463 


Standards of vital capacity for each group are readily computed for 
each surface area by means of the regression equations. In table 2 I 
give the vital capacity for each group in metric units, and in table 3 
the same is given in English units. 

Owing to the fact that the smallest children seldom understand how 
to attain to their best record in vital capacity, it is probable that vital 
capacities for children with a surface area of less than 0.75 square 
meters are not to be relied on. Regressions obtained for this group are 
probably also not particularly accurate; hence the low values of these 
tables are questionable. 
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Chart 2.—Scatter diagram for all Hongkong students. 
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Chart 3—Scatter diagram: all girls of Nanking, including college ages. 


| [30 [a7 | 5 | | 
| | 8 |32 | 63 | 9! 153) 5 
| fal | | 
| | 


McCLOY—VITAL CAPACITY 697 


BLE 2.—Vital Capacity Norms for the Different Chinese Groups (Metric—liters) 
Elementary 
Surface Fast China and High 


All East 
College Men School Boys Hongkong Boys College Girls 


China Girls 
1.50 


4.38 


to 


1. 
1 
1. 


TaBLe 3.—Iital Capacity Norms for the Different Chinese Groups 


(English units—cubic inches) 


Klementary 
surface Fast China and High 


All East 
\rea College Men School Boys Hongkong Boys 


College Girls China Girls 


| » 
2.25 5.44 5.18 
2.20 5.28 5.04 
2.15 5.12 4.87 4.26 
2.10 4.97 $.72 4.14 
2.05 4.51 4.56 4.02 
2.00) 4.66 4.41 3.90 3.00 ain 
1.95 4.50 4.25 3.79 2.92 er 
1.90 4.35 4.09 3.67 2.84 bs 
1.85 4.19 3.94 3.55 2.75 
1.04 3.78 2.67 2.62 
1.75 3.88 3.63 3.31 2.59 2.53 
1.70 3.73 3.47 3.19 2.50 2.45 , 
1.65 3.57 3.32 3.08 2.42 2.36 
1.60 3.42 3.16 2.96 2.34 2.26 
1.55 3.26 3.0] 2.84 2.26 2.19 
1.) 3.11 2.85 2.72 2.17 2.10 
1.45 2.95 2.70 2.60) 2.09 2.02 
1.40 20 2.54 2.45 2.01 1.93 
1.35 2.64 2.39 2.37 1.92 1.85 
1.3 2.49 2.23 2.25 1.54 1.76 
1.25 2.33 2.08 £15 1.76 1.68 
1.20 2.18 1.92 2.01 1.67 1.59 
1.15 2.02 1.77 1.59 1.50 
1.10 1.96 1.61 7 1.51 1.42 
1.05 1.71 1.46 4) 1.43 1.33 
14 1.55 1.30 >t 1.34 1.2 
1.14 2 1.16 
0.90 O99 ) 1.08 
0.85 0.83 0.99 
O80 0.68 1.06 0.9) 
0.75 0.52 0.95 0.82 
0.70 0.387 0.83 0.73 
4 
2.25 332 319 274 
2 2 322 310 267 
2.15 313 390 269 
210 303 291 253 
05 204 281 246 
2.00 2&4 272 238 Iso 
1.95 275 232 231 178 ‘ 
1%) 265 253 224 173 sire 
1.85 256 243 217 168 re 
1.80 246 234 209 163 164) 
1.75 235 224 202 158 155 
1.70 227 215 195 153 10 
1.65 218 205 188 148 144 ; 
1.60 209 196 180 143 139 
1.55 199 186 173 137 134 
1.50 1990 177 166 132 129 
1.45 180 168 159 127 124 
1.40 171 158 152 122 118 
1.35 161 149 144 117 113 
1.30 152 139 137 112 108 
1.25 142 130 130 107 103 
1.20 133 129 123 102 97 
1.15 123 11 115 97 2 
1.10 114 101 108 92 87 
1.05 104 92 101 87 82 
1.00 95 82 O4 §2 77 
0.95 73 71 
0.90 63 79 6 
0.85 72 ae 61 
0.80 44 65 56 
0.75 35 58 61 
0.70 25 50 45 
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VITAL CAPACITY OF SOUTHERN CHINESE COMPARED TO THAT 
OF CHINESE OF EAST CENTRAL CHINA 

A glance at the tables and charts and at the respective regression 
equations will show the differences found. It is seen that in the smaller 
surface areas, the vital capacity of the Hongkong Chinese exceeds that of 
the East Central Chinese. The latter, however, soon pass the Hongkong 
boys, and after that, they keep their advantage. This fact is in keeping 
with the observations of Dr. Stevenson,!* who found that the southern 
Chinese matured earlier, and that their height and weight exceeded that 
of the Northerners during the early years, only to be passed near the 
age of puberty by the Chinese of Central and of North China. I have 
no data on the vital capacity of the northern Chinese to compare with 
that of the Southerners. 


VITAL CAPACITY OF CHINESE STUDENTS COMPARED TO THAT OF 
AMERICAN STUDENTS 

The studies made on American students have differed in no small 
degree. I have chosen for comparison the data presented for younger 
children by Hastings’ and those of college students by Hitchcock. 
These measurements were made at a time in the history of American 
schools when physical education had not attained the prevalence o1 
intensity that it shows today; hence the comparison would correspond 
more closely to the type of environment of the Chinese student of toda 
so far as his physical activity is concerned. The marks plotted on 
charts 1 and 3 show graphically the more important facts for men stu 
dents. It should be noticed that the standards for Chinese were taken 
from the regressions of vital capacity on surface area, and those for 
American students computed from the medians of various age groups: 
hence the standards are not necessarily strictly comparable, for it is not 
possible to weight medians. I do not believe that this will introduce a 
serious error, however, for this type of distribution is approximately 
normal. 

In chart 3 it will be noticed that while the curves for Chinese girls 
and those for American girls are almost superimposed, the vital capacities 
of the women of Oberlin College runs above that of Chinese college 
women. This, possibly, about represents the difference in the activity 
of the two groups. Chinese college women largely represent a group 
that has grown up with little exercise. The pupils of the elementary and 
high schools, on the other hand, represent a newer generation. They 
have had much more exercise than the preceding school generation. 
Nothing authoritative can be said, however, in the way of interpretation. 


12. Stevenson, Paul H.: Collected Anthropometric Data on the Chinese, China 
M. J. 30:855 (Oct.) 1925. 
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In addition to the data presented here, | have approximately fifty 
records for Chinese athletes. These men differ greatly both in surface 
area and in vital capacity, and the number of the men is so smail as to 
render a correlation of little value. A comparison of this small number 
f cases with figures of American athletes leads one to believe that the 
ital capacity of the Chinese athlete will differ but little from that of 
\merican athletes, when interpreted in terms of surface area. I have 
not been able to find in the literature any regressions for American 
thletes; hence I am unable to present a reliable comparison, and my 

ipressions are largely subjective, based on past experience in measur- 
‘ng the vital capacities of American athletes. I hope to present a separate 
udy on this subject later. 

It should be borne in mind that in these studies I have been compar- 
« Chinese from a latitude of Georgia and farther south with Americans 

rom a latitude of Nebraska, Ohio and Massachusetts. If there is a 
irked difference in the vital capacities of Hongkong and Nanking 
\inese, there may be a similar difference between Americans of different 
titudes as well. The comparisons would, in that case, be more favorable 
the Chinese. 

All workers in the study of vital capacity have been struck with the 
latively large variation in the actual results as compared with the 
rms. I believe that the possibility of regional variations should be 
pt in mind. It is natural that with a mixture of types, there should be 
comparatively large variation from the mean. I have some evidence 
show that body type also contributes in some measure to this variation. 
have correlated types of build, subjectively judged, with vital capacity, 
id the shorter, heavier built type has a consistently smaller vital capacity 
r the same height than does the taller, “rangy” type of build. The 

orrelation I have obtained is small, being 0.238 with less than fifty cases. 
| his may indicate that there is possibly a fruitful field for investigations 
which may eventually reduce this variability. It may prove that there 
is a larger variability in nationals of one country, caused by climate, 
activity and bodily build than is found between nations or races. 


SUMMARY 

In a study of the vital capacity of Chinese students, the following 
conclusions were reached : 

1. Surface area of the body, computed according to the method of 
Dubois, offers the criterion which correlates the height with vital capacity. 

2. Owing to the curvilinearity of all two-variable correlations, mul- 
tiple regressions were not reliable. 

3. The probable error of the deviations from the “normal” approxi- 
mated 8.8 per cent of the mean for all ages and 6.8 per cent for college 
students. 
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4. Chest expansion gave low correlations with vital capacity when 
both were corrected for height. 

5. There is a slight but positive relationship between vital capacity 
and overweight and underweight. 

6. Tables are presented for ascertaining vital capacity norms for 
Chinese students from South China and from East Central China. 

7. South China students show a larger vital capacity before 
pubescence and a smaller vital capacity after puberty than is the case for 
students of East Central China. This is found only for men students, 
as data for women students of South China were lacking. 

8. College students of both sexes show a slightly larger vital capacity 
than do elementary and high school students. 

9, The vital capacity of Chinese students of East Central China 
compares favorably with that of American students of both sexes, except 
that vital capacity of the American college women exceeds that of the 


Chinese college women to no small degree. 

10. It is thought probable that there are regional variations in vital 
capacity which may vary more within one nation than would be the case 
with similar groups of different races. 
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THE ORAL ADMINISTRATION OF EPINEPHRINE 


WILLIAM C. MENNINGER, M.D. 
TOPEKA, KAN, 


As a result of many clinical and experimental investigations, current 
opinion regards epinephrine as producing little if any effect when 
administrated orally. Sollmann? states that “it is entirely ineffective by 
oral administration” and that “the blood pressure response is practically 
absent” when given by mouth. In “Useful Drugs’? it is stated that, 
“when given by mouth, it produces no evident effect on the general 
circulation.” Cushny* states that “when given by mouth, it has no 
effect on the blood pressure or heart.” According to an article in the 
“Pharmacology of Useful Drugs,’ * “epinephrine is one of the few 
alkaloids in the materia medica which are not absorbed from the gastro- 
intestinal canal with such rapidity as to induce any appreciable effect.” 
In the recent series of articles on glandular therapy in The Journal of 
the American Medical Association, it was stated,° regarding epinephrine, 
that “when the drug is administered by mouth, it is quickly destroyed, 
either by the gastric or by the intestinal secretions, and its systemic 
effects are consequently not obtained.” 


ANIMAL EXPERIMENTAL WORK 


In experimental work on animals, administration of epinephrine by 
mouth, except in large doses, does not produce any effect on the blood 
pressure. Herter and Wakeman ® reported no effects when the drug 
was given in “ordinary” doses. They found that 10 cc. of epinephrine 
solution (1: 1,000) produced no effects in a well fed dog weighing 
13 Kg., which they feel corresponds with the known absence of physio- 


1. Sollmann, Torald: A Manual of Pharmacology and Its Application to 
Therapeutics and Toxicology, ed. 2, Philadelphia, W. B. Saunders Company, 1922, 
pp. 385, 387. 

2. Useful Drugs, Prepared Under the Direction and Supervision of the 
Council on Pharmacy and Chemistry of the American Medical Association, ed. 6, 
1923, p. 70. 

3. Cushny, A. R.: A Textbook of Pharmacology and Therapeutics, or the 
Action of Drugs in Health and Disease, ed. 7, Philadelphia, Lea & Febiger, 1918, 
p. 374. 

4. Hatcher, R. A., and Wilbert, M. I.: Pharmacology of Useful Drugs, 
Chicago, American Medical Association, 1915, p. 189. 

5. Wearn, J. T.: Glandular Therapy: Pharmacology of Epinephrine, J. A. 
M. A. 88: 1508 (Nov. 8) 1924. 

6. Herter, C. A., and Wakeman, A. J.: On Adrenalin Glycosuria and Allied 
Forms of Experimental Glycosuria Due to the Action of Reducing Substances 
and Other Poisons on the Cells of the Pancreas, Tr. A. Am. Phys. 17:570, 1902. 
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logic effect of gland extracts on the human subject. However, with 
30 ce. of the solution they produced a 1 per cent glycosuria in a dog, 
over a short period of time, without other symptoms. Falta and 
Ivocovi¢é,? while working on dogs, found that even more than 20 mg. a 
day did not produce any special manifestations. They gave 50 cc. of a 
1 per cent solution over a period of eleven days, with only a trace of 
glycosuria on three of the days. Dorlencourt, Trias and Paychére,° 
giving relatively high doses (0.20 mg. per kilogram of body weight in 
an animal), obtained only hyperglycemia and never any change in blood 
pressure, from which they concluded that the epinephrine passed through 
the portal system to the liver, and that none escaped into the general 
circulation. Rogers ® produced a local increase in the size of the thyroid 
gland by feeding dogs derivatives of the entire suprarenal gland, but 
he found that feeding with corresponding amounts of epinephrine crystals 


is without appreciable effect on the thyroid. 


CLINICAL OBSERVATIONS 


Clinical experiments were carried on by Aschner and Pisk ?° with 
doses of from 3 to 4 cc. of a 0.1 per cent solution in twenty cases. 
Most of the patients showed a rise in blood pressure, the highest being 
86 mm. after a dose of 4 cc.; this rise usually occurred between five 
and twenty minutes after administration, in one case, after forty-five 
minutes. The pulse rate was not constant, being accelerated in some 
cases and slowed in others. Generalized symptoms of tremor, pallor, 
excitement and myalgic pains occurred in those cases in which these 
symptoms followed subcutaneous injection. More often local symp- 
toms of nausea, epigastric and hunger pains were present, and glycosuria 
was not noted. These authors conclude that orally administered 
epinephrine in the doses given acts almost exclusively on the blood 
pressure, the strength of the reaction in the majority of cases running 
parallel with subcutaneous and intravenous effects. These experiments 
suggest that epinephrine is absorbed, but in those cases in which only 
local symptoms were manifest, the rise in blood pressure may have 
resulted from the local action. The drug was given in solution, and 


7. Falta, W., and Ivcovié, L.: Ueber die Wirkungsweise des Adrenalins bei 
verscheidener Applikation und das Auftreten desselben im Harn, Wien. klin. 
Wehnschr. 22:1780, 1909. 

8. Dorlencourt, H.; Trias, A., and Paychére, A.: Stabilisation du faux de la 
glycémie chez le chien durant le sommeil chloralosique, Compt. rend. Soc. de biol. 
86:1078, 1922; Absorption de l’adrenaline par voie digestive, ibid 86:1129, 1922. 

9. Rogers, J.: Adrenal Feeding in Conditions of Hyperthyroidism, Endo- 
crinology 6:73 (Jan.) 1922. 

10. Aschner, B., and Pisk, H.: Ist das Adrenalin vom Magendarmtrakt aus 
Wirksam? Klin. Wcehnschr. 3:1265 (July 8) 1924. 
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while the effect throughout absorption by the mucous membranes of the 
mouth and pharynx may have been minimal, it cannot be entirely 
eliminated. 

As a result of their experimental work with animals, Trias and 
Dorlencourt '' advise the administration of the drug by mouth for the 
hormonie effect, although it does not cause a rise in blood pressure. They 
advise giving it in a concentrated solution, the rapidity of absorption 
being dependent on the concentration. The dose advised varies from 
five to ten times that of the injection; the doses usually effective and 
tolerated are from 60 to 100 drops (from 3 to 5 mg.). The ingestion 
i epinephrine sets up a hyperglycemia in proportion to the amount 
taken. They state that Henri Vignes fully agrees with this method of 
ral administration basing his opinion on his experience with opotherapy 
i various gynecologic and obstetric cases. 

'2 has made some clinical observations on the effect of 
pinephrine administered by mouth. He used doses of 4 cc. of a 


Brems 


per cent solution, and in twenty-one cases observed the effect on the 
ood pressure and on the blood sugar. In five cases the blood 
pressure rose; in seven it remained constant, and in the remaining it 
was lowered. The blood sugar was increased in all cases, and no 
parallelism was found between the blood pressure and the effects on 
the blood sugar. The maximum blood pressure in the five cases which 
showed an increase occurred 15, 30, 60, 60 and 120 minutes after the 
administration; those showing a fall in blood pressure reached their 
lowest reading 8, 8, 10, 15, 15, 15, 30, 30 and 90 minutes after the 
.dministration. The blood sugar reached its maximum in about an hour. 
Weiss and Baitz ** did not find any cardiovascular response in ten 
cases in which they administered 3 mg. of epinephrine by mouth, seven 
cases of which were known to have an anacidity. They emphatically dis- 
agree with Aschner and Pisk *° and also with Hepner and Cervenka," 
who noted a rise in blood pressure with oral administration. 


Hitchcock *° administered epinephrine chloride by mouth in doses of 
0.3 ce., 1:1,000 solution diluted to 100 cc., using the increase in 
metabolism as the criteria for absorption. In ten of eleven experiments 
on healthy persons, there was an average rise in metabolism of 6.9 per 
cent. It is believed that the rise was caused by absorption from the 


11. Trias, A., and Dorlencourt, H.: How Adrenalin Should Be Given, J. des 
Practiciens, Feb. 10, 1923; abstr. Practitioner 110:333 (April) 1923. 

12. Brems, A.: Ueber die perorale Adrenalinwirkung, Acta med. Scandinav. 
63:431 (May 27) 1926. 

13. Weiss, S., and Baitz, G.: Zur Frage der Wirkung des stomachal vera- 
breichten Adrenalins, Ztschr. f. d. ges. exper. Med. 49:543, 1926. 

14. Hepner and Cervenka, quoted by Weiss and Baitz (footnote 13). 

15. Hitchcock, F. A.: The Effect of Ingested Adrenalin Chloride on Basal 
Metabolism, Am. J. Physiol. 69:271, 1924. 
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stomach and probably from the upper intestine, and that the extent of 
the rise indicates the amount of the drug absorbed. These experiments 
are open to criticism in that again the solution was used, and the effect 
on the mucous membranes of the mouth and pharynx cannot be elimi- 
nated. The ingestion of the amount of fluid used may have caused 
some rise in the metabolism. The increaSe in metabolism may have 
resulted from the local action of the epinephrine on the gastro-intestinal 
tract through increased peristalsis, with the local symptoms of nausea 
and distress. 

Other writers have mentioned the use of epinephrine by mouth 
Harrower '° cites several instances in which epinephrine by mouth was 
rapidly effective, and quotes several references regarding this, but none 
of his facts are convincing. His references indiscriminately include 
opinion concerning gland extract and epinephrine, and all give the author’s 
opinion rather than definite data. Satterthwaite ‘* tried epinephrine by 
mouth in doses of from 0.6 to 1 cc. of a 1: 1,000 solution, but he believes 
gastric secretions oxidize the active principles before they can reach the 
circulation, thus depriving them of physiologic properties. Milian ** 
recommends epinephrine in 2 mg. doses in water by mouth before the 
administration of arsphenamine, the dose being repeated five minutes 
before injection and again an hour afterward. He also gives 1 mg. by 
mouth morning and evening on the four days following the injection. 
Signs that the patient is under the influence of epinephrine are: blanch- 
ing of the face, rise in arterial pressure, tachycardia and generalized 
tremor. 

Hoxie and Morris ** report a case of asthma of six years’ duration. 
They say: “It is interesting to note that the use of adrenalin even by 
mouth gave some relief,” although mention is not made of the type of 
the preparation used or any objective data concerning the effect. Alvarado 
and Arroyabe *” have found epinephrine administered orally efficacious in 
arresting vomiting in malaria. 


ACTION 


ON GASTRO-INTESTINAL TRACT 


There is a great deal of discrepancy in opinions regarding the effect 
of epinephrine on the stomach and intestine. Much of the work which 
has been reported has been done on experimental animals and so does 


16. Harrower, H. R.: Oral Administration of Adenalin, New Yok M. J. 104: 
893 (Nov. 4) 1916. 

17. Satterthwaite, T. E.:| Drug Therapy in Cardiovascular Diseases, Internat. 
Clin. 1:26, 1916. 

18. Milian, G.: L’administration de l’adrenaline, Paris méd. 8:81 (Feb. 2) 
1918. 

19. Hoxie, G. H., and Morris, H. T.: Adrenalin in Asthma. A Case of 
Chronic Adrenalism, Endocrinology 4:47, 1920. 

20. Alvarado, R., and Arroyabe, Y.: Treatment of Vomiting in Malaria, 
Prensa méd. argent. 13:242, 1926; abstr., J. A. M. A. 87:1690 (Nov. 13) 1926. 
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not necessarily apply to man, and the difference in effect between local 
application and perfusion is not clear. Heinekamp *' summarizes the 
opinion of eighteen reports in which inhibition of peristalsis was the 
chief observation and seven others in which increased peristalsis was 
noted. Summarizing, he states in general that the work to date, most of 
which has been done on excised tissue from the rabbit or frog, indicates 
(1) that epinephrine ordinarily relaxes the gastro-intestinal canal with 
the exception of the sphincters, which are contracted; and (2) that 
epinephrine in minute quantities causes contraction of the intestine. The 
conclusions to his own work state that epinephrine in minute doses 
stimulates the peripheral vagus apparatus. The vagus threshold is 
normally lower to epinephrine, but the maximal effect is so much less 
than that of the sympathetic nerves that the action of the latter pre- 
dominates unless small amounts of epinephrine are used. The effect 
in man is difficult to interpret in view of these conclusions. Epigastric 
pains following the oral administration, which may or may not be due 
to contractions of the stomach, have been noted repeatedly in this series 
and have also been noted by Brems,’* and by Aschner and Pisk.’° 
Tenesmus was present in seventeen of thirty-one cases after rectal 
administration ; °** this is also reported by Muirhead.** 

The statement of Daniélopolu ** referred to, that epinephrine fre- 
quently increases the contractility of the stomach, is based on obser- 
vations made by him in which the stomach was observed by fluoroscopy 
following the administration of epinephrine by mouth. Strong con- 
tractions of the musculature of the stomach were observed, on which 
grounds the writers referred to feel that epinephrine is contraindicated 


in treatment for hemorrhage from gastric ulcer. Katsch,** in 1913, 
using the roentgen ray, found that epinephrine effected motor inhibition 
of the gastro-intestinal tract. Dickson and Wilson *° watched the effect 


of various drugs on the motility of the stomach under fluoroscopy 
following a barium meal. Epinephrine, in 0.5 cc. of a 1 per cent solu- 
tion, given subcutaneously, inhibited peristalsis of the stomach for two 
minutes in the first three cases investigated, but did not have an appreci- 


21. Heinekamp, W. J. R.: The Sthenic Action of Adrenalin on the Intestines, 
J. Lab. & Clin. Med. 11:1062 (Aug.) 1926. 

2la. Menninger, W. C., and Heim, H. S.: The Rectal Administration of 
Epinephrin, Am. J. M. Sc. 172:425 (Sept.) 1926. 

22. Muirhead, A. L.: An Autograph History of a Case of Addison’s Disease, 
J. A. M. A. 76:651 (March 5) 1921. 

23. Daniélopolu, D.: Substances Acting on the Vegetative Nervous System, 
Paris méd. 33:657 (May 20) 1925. 

24. Katsch: Fortschr. a. d. Geb. d. R6éntgenstrahlen. 21:159, 1913. 

25. Dickson, W. H., and Wilson, M. J.: The Control of the Motility of the 
Human Stomach by Drugs and Other Means, J. Pharmacol. & Exper. Therap. 
24:33, 1924-1925. 
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able effect in the next seven. In one case there was an apparent 
increase in depth of the peristaltic contractions. Precaution was taken 
to use freshly prepared epinephrine, and the authors suggest that the 
discrepancies were due to variations in the rate of absorption. Intra- 
venous administration was not employed. 

In two cases in the present study, + mg. of epinephrine in a capsule 
was given by mouth, and the stomach was observed under the fluoroscope 
following a barium meal. The blood pressure did not vary in either 
case, and there was no apparent alteration from the normal gastric 
peristalsis in either case. 

It is of interest to note that although Daniélopolu and Carniol * 
strongly advised against the use of epinephrine for hemorrhage in gastric 
ulcer, the method of therapy was suggested twenty-five years previously 
and has been extensively used since that time. It was originally sug- 
ested by Grunbaum ** in 1900, who recommended one or two crushed 

grain (0.324 Gm.) tablets of the suprarenal extract. Falta and 
Turin ** have used as high as 7 mg. of epinephrine by mouth, three times 


5 
a day, as a method of controlling gastric hemorrhage, and they have 
obtained good results. On this point, Wiggers *® concluded from his 
studies on the effect of epinephrine on intestinal hemorrhage that large 
doses were always contraindicated, but in cases in which bleeding has 
been profuse and a low blood pressure already exists, small doses (from 
0.01 to 0.025 mg.) administered by continuous intravenous injection are 
therapeutically desirable. 


EFFECT 


ON GASTRIC SECRETIONS 
The effect on gastric secretion of epinephrine orally administered 
has received considerable attention, as well as the effect of gastric secre- 
tions on epinephrine. Yukawa *° studied the effect of the ingestion of 
epinephrine in fifty cases; in forty-seven, he observed the increase of 
the secretion of hydrochloric acid. In experimental work on dogs he 
was able to show that oral as well as intravenous administration was 


followed by augmentation in the gastric secretion. Loeper and Verpy * 


26. Daniélopolu, D., and Carniol, A.: Action de l’adrénaline sur l’estomac de 
homme. Voie intraveineuse et voie gastrique, Compt. rend. Soc. de biol. 87:716, 
1922. 

27. Griinbaum, O. F. F.: Suprarenal Gland Extract as a Hemostatic, Brit. 
M. J. 2:1307, 1900. 

28. Falta and Turin: in Falta, W.: Endocrine Diseases, trans. by M. K. 
Meyers, ed. 3, Philadelphia, P. Blakiston’s Son & Company, 1923, p. 361. 

29. Wiggers, C. J.: The Effect of Adrenalin on Intestinal Hemorrhage, Arch. 
Int. Med. 3:139 (March) 1909. 

30. Yukawa: Klinischexperimentelle Untersuchungen der Adrenalin Wirkung 
auf die Magendrusen, Arch. f. Verdauungskr. 14:166, 1908. 

31. Loeper and Verpy: L’action de l’adrenaline sur le tractus digestif, Soc. de 
Biol., July 28, 1917; quoted by Hernando: Presse méd. 31:797 (Sept. 19) 1923. 
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were able to demonstrate an increase in the secretion of gastric juice, 
particularly of free hydrochloric acid, in man following administration 
of epinephrine by intramuscular injection. Binet ** observed the 
increase in gastric secretion as well as an increase in the amount of 
hydrochloric acid. The maximal amount is reached in an hour, and 
reases after an hour and thirty minutes. 
In contrast to these observations, Rogers, Rahe and Ablahadian ** 
«luced an inhibition or at least a diminution of gastric juice following 
ravenous injection. Boenheim ** usually obtained a decrease in the 
e acidity, although sometimes an increase in the quantity of the gastric 
retion occurred. In experimental work on dogs, Hess and Gund- 
found that epinephrine always diminished the total quantity of 
tric juice as well as the concentration of hydrochloric acid. 
lhe work of Hernando ** somewhat explains these divergent results. 
nine cases in which he administered epinephrine by mouth, six showed 
increase in the free and the total acid, and in the others it remained 
er constant or diminished. An intravenous injection of 0.25 mg. 
- usually followed by an increase, although a dose of 0.05 mg. caused 
iminution. Amounts of the drug between these doses gave varying 
ilts. The effect here may result because small doses stimulate the 
ripheral vagus apparatus, but the maximal effect of this system is so 
li less than that of the sympathetic nerves that the action of the latter 
lominates unless small amounts of the drug are used. The author 
erprets the effect of epinephrine when administered by mouth as a 
sequence of the local action of the drug, or its derivative, on the 
nds of the stomach. 


The effect of gastric secretion on epinephrine is variously described 


e drug is a weak base; its salts oxidize readily and are rapidly 
lestroyed by strong acids and weak alkalis.** Lesne ** found that 
pinephrine is not destroyed by pepsin or pancreatin, although profusion 

32. Binet, L.: L’action de l’adrenalin sur le tube gastro-intestinal, Presse méd. 

:407, 1918. 

33. Rogers, J.; Rahe, J. M., and Ablahadian, E.: The Stimulation and Inhi- 
tion of the Gastric Secretion Which Follows the Subcutaneous Administration 
' Certain Organ Extracts, Am. J. Physiol. 48:79, 1919. 

34. Boenheim: Ueber den Einfluss von Blutdrusen-Extrakten auf die Magen- 
sekretion, Arch. f. Verdauungskr. 26:74, 1920. 

35. Hess and Gundlach: Der Einfluss des Adrenalins auf die Sekretion des 
Magensaftes, Arch. f. d. ges. Physiol. 185:122, 1920. 

36. Hernando, T.: Action de quelques medicaments sur la secrétion gastrique, 
Presse 31:797 (Sept. 19) 1923. 

37. Moore, B., quoted from Sollman, 1895, p. 335. Wearn (footnote 5), 
Satterthwaite (footnote 17). 

38. Lesne, E. De l’administration de l’adrenaline par le voie digestive, Bull. 
et mém. Soc. méd. d. hép. de Paris 44:800, 1920. 
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of the liver deprives it of its toxicity either partially or entirely. * 
Binet ** notes that it is not altered by pepsin, trypsin or by passage 
through intestinal capillaries. Daniélopolu ** explains the increase in 
contractility of the stomach on the administration of epinephrine by the 
fact that a large part of the drug is oxidized by the gastric juice, “while 
the intact small remnant may exert an action on the parasympathetic.” 

In summarizing the reports given in the literature, one is impressed 
by the diversity of opinion, as well as by the contrasting experimental 
and clinical observations. 

The literature at hand shows that in some cases the pharmacologic 
effect of epinephrine on the stomach may stimulate peristalsis, while in 
other instances it inhibits this action. The paradox is probably explained 
by the fact that the vagus system is stimulated by small doses, and when 


this maximal effect is produced, peristalsis results. It is probably the 


same mechanism that operates in the case of gastric secretion. 

Despite the simplicity of the explanation and its apparent validity as 
applied to the pharmacodynamics of epinephrine on the musculature of 
the stomach, it does not explain the variance in clinical results obtained 
in the oral administration of the drug. There is a marked contrast 
between the results obtained in oral administration even by observers 
who have conducted special investigations in this field. 


PRESENT STUDY 

The method used in the present series has been the same in all 
cases. The patient is kept resting in bed for at least twelve hours pre- 
ceding the observation if possible. Several control blood pressures and 
pulse readings are made before the drug is administered. Epinephrine 
in doses varying from 2 to 6 mm. is administered in a gelatin capsule 
on an empty stomach, after which blood pressure and pulse readings are 
made at frequent intervals over a period of at least an hour and as long 
as five hours if necessary. In most of the cases determinations of the 
basal metabolism were made, either previous or subsequent to the 
administration of the epinephrine. Twenty-eight observations have been 
made on twenty-one patients ; sixteen of the cases were various forms of 
hyperthyroidism; there was some suggestion of hypothyroidism in four 
of the remaining cases. It is purely speculation as to whether the con- 
dition of the thyroid function had any effect on the clinical manifestations 
of the drug, but in view of many reports of epinephrine sensitization in 
hyperthyroidism, it is my opinion that there is a definite, although ill 
defined, relationship. 


39. Gioffredi, C.: La distruzione dell adrenalina nell’ organismo, Arch. di 
farmacol. sper. 6:607, 1907. 
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The cases in this series can be divided into four groups according to 
the blood pressure effects: Decrease in blood pressure of from 2 to 10 
mni., nine cases; no change in blood pressure, six cases; increase in 
blood pressure of from 5 to 15 mm., six cases ; increase in blood pressure 
of from 15 mm. and over, seven cases. Besides the nine cases which 
showed a fall in blood pressure, there were other cases which showed 
a slight fall at some stage in the observations, but in which the pre- 
dominating change was a rise. 

In none of these cases was the fall in the blood pressure sufficient to 
warrant inference that it might be due to the drug. The enforced rest 
probably adequately explains the change. The second group of six 
cases in which there was no change either in a rise or fall of the blood 
pressure, does not require special comment. In the six cases in which 
there was a rise of from 5 to 15 mm., the increase probably is explained 
on the basis of a slight emotional or physical restlessness during the 
course of the observation. Only two of the patients in these cases 
might be exceptions to this: one voluntarily mentioned some abdomina: 
distress, and the other noted an increase in the tremor of the hands. 

In the seven cases presenting a rise in blood pressure of 15 mm. and 
over, the rise in the systolic pressure was as follows: 16, 18, 20, 28, 30, 
50 and 110mm. _ The rise in diastolic pressure in all cases was approxi- 
mately proportionate to that of the systolic, but usually was not as great. 
The pulse rate varies; in some cases it increases in proportion to the 
rise in blood pressure, while in other cases it does not change even 
though there is considerable change in the blood pressure. In these 
cases the duration of the rise in blood pressure varies, but in every case 
the duration is particularly noteworthy. In contrast to the duration 
of the effects of intravenous or intramuscular administration of the 
drug, the shortest duration of the increased blood pressure in any of 
these cases is thirty-five minutes. A second was thirty-six minutes, 


one lasted forty-eight minutes, two approximately sixty minutes and two 


approximately ninety minutes. 
While the results in different cases show some variation, the data 
are given in three cases for illustration. 


Case 1.—W. W., a man, aged 45, who had been admitted to the hospital before, 
once with the diagnosis of chronic interstitial nephritis and the second time with 
the diagnosis of chronic valvular disease, had had exophthalmos and goiter for 
about three years. 

When admitted to the hospital, he had marked tremor, dyspnea and enlarged 
heart and vomited. The basal metabolism was plus 52.2. The blood pressure was 
197 systolic and 112 diastolic. 

Chart 1 graphically sets forth the table of data. On the day following the 
observation, the patient subjectively felt better than at any time previously during 
his stay in the hospital. The pulse rate was 74, the lowest while the patient was 
in the hospital. 
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Tim 


e 


Interval 
(Minutes) 


Epinephrine, 
mouth 


Tim 


3 mg. t 


TABLE 2.—Observations Made in Case 2 


e 


Interval 
(Minutes) 


4 mg. epinephrine in 
9 


‘ 
11 
13 
17 
20 


26 


1.—Observations Made Five Days Subsequent to Ligation of Inferior 


Thyroid Artery in Case 1 


Blood Pressure 


Pulse Systolie Diastolic Comment 
80 184 98 
82 184 96 
78 178 
ablets in gelatin capsule by 
182 94 
80 178 
st 1&2 
176 
78 174 Ot 
S4 212 104 Nausea 
80 234 112. Abdominal “cramps” 

Vomited 
100 270 120 
132 290 1G) 

Glyceryl trinitrate, 1/50 grain 
(0.001 Gm.) 

112 285 150 Severe precordial pain 
104 268 134 

Vomited 
96 254 140 
96 236 134 Marked tremor of hands 
96 234 132 Sweating; severe pain 
96 228 126 
# 204 116 
9 192 110 
186 100 
&8 182 100 
180 100 
§8 178 98 
80 176 9 
80 182 96 


Blood Pressure 


Pulse Systolic Diastolic Comment 
134 one 
132 136 60 
132 136 58 
capsule by mouth 
130 134 58 
126 182 58 
132 130 58 
130 138 64 
130 136 60 
126 132 58 
128 144 70 Belching; “pain in stomach” 
130 164 76 Nausea 
eee 166 8) Sweating 
134 186 9) Vomiting 
134 186 84 Less pain—‘‘cramps” 
164 74 
128 158 74 Headache (no tremor) 
130 150 70 
126 146 70 Slight epigastric pain 
126 138 64 
128 138 62 No subjective symptoms remaining 
126 136 62 
126 136 62 


8:45 
8:48 
8:54 
8:55 
8:57 3 
9:00 5 
9:03 8 
9:05 10 
9:08 13 
: 9:13 18 
9:16 21 
9:19 24 
9:21 26 
9:30 85 
9:32 37 
9:35 4{) 
9:39 44 
9:41 46 
49 
9:48 53 
9:53 58 
9:58 63 
10:05 70 
10:10 75 
10:15 80 
10:20 85 
10:25 9 
10:30 95 
10:45 110 
2:00 300 
Time || 
8:12 
8:14 
8:16 
8:20 
8:25 
8:29 
8:31 
8:35 
8:38 
8:41 
8:44 
8:49 31 
8:51 33 
8:52 34 
8:53 35 
8:55 37 
8:58 40 
9:01 43 
9:04 46 
“paces 9:05 49 
9:13 55 
9:18 6 
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400 


Chart 1 (case 1).—Effect of 3 mg. of epinephrine on the blood pressure when 
ninistered by mouth in a capsule. In these charts, the solid line indicates systolic 
d pressure; the dotted line, diastolic. 1, epinephrine administered; 2, vomited; 
cramps” began; 4, vomited; 5, spirit of glyceryl trinitrate; 6, vomited; 7, pre- 
lial pain most severe; 8, marked tremor and 9, sweating. 


60 | 


Chart 2 (case 2).—Effect of 4 mg. of epinephrine on the blood pressure whea 
administered by mouth in a capsule. 1, epinephrine administered; 2, nausea; 
3, sweating; 4, vomiting and 5, slight epigastric pain. 
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Case 2.—I. N., a woman, aged 30, had had exophthalmos, a moderately enlarged 
heart and a slight tremor for one year. The basal metabolism was reported as plus 
90, but was not rechecked. On the previous day, 2 mg. of epinephrine had not 
produced any effect. 

Case 3.—J. F., a man, aged 43, had been troubled with symptoms of hyper- 
thyroidism for four years: goiter, exophthalmos, tachycardia and tremor. He had 
been operated on about three years previously, but had not obtained relief. The 
inferior thyroid arteries were ligated on Jan. 23, 1925. The basal metabolism on 
Feb. 17, 1925, was plus 60. 


In the total series, certain systemic effects from the drug other than 
changes in the blood pressure were noted as shown in table 4. 

The most frequent symptom, abdominal distress, varied in character 
from severe abdominal cramps to only a sensation of burning. In one 


30 40 50 60 70 
Chart 3 (case 3).—Effect of 3 mg. of epinephrine on the blood pressure when 


administered by mouth in a capsule. J, epinephrine administered; 2, “burning” 


sensation in epigastrium; 3, nauseated; 4, “choking” sensation and 5, no subjective 
sensation remains. 


case the patient described the sensation as that of weight. In seventeen 
cases in which the basal metabolism was recorded, there was no apparent 
relationship between the basal metabolism and the effect of the drug by 
this method of administration. Various types of cases of hyperthyroid- 
ism with approximately equal metabolic rates do not give the same effect 
with oral administration. In two cases larger doses produced slightly 
more marked effects, while in three other cases an increase in the amount 
of the drug on the second observation did not produce further effects. 
The interpretation of these results is difficult, if not impossible, from 
the knowledge now at hand. On the assumption that the vagus system 
is stimulated by smaller doses and the sympathetic system by larger 
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doses, it would be expected that in cases in which a small dose is effective 
in producing abdominal distress, a larger dose should give no response. 
However, as has been noted, the response was greater with an increased 
dose in two cases. Peristalsis has occurred in this series, as well as in 


TABLE 3.—Observations Made in Case 3* 


Time Blood Pressure 
Interval 
Time (Minutes) Pulse Systolic Diastolic Comment 
8:57 eee 96 125 60 Systolic sound distinet: diastolie 
poorly defined, fades away 
1:00 aoe 96 127 58 
9:04 ar 95 126 58 
0:07 3 mg. epinephrine in capsule by mouth Supper at 5:30 
“00 2 96 120 48 
l4 7 o4 118 46 
18 11 118 50 
21 14 128 
16 130 56 
9:2 18 4 134 60 
27 20 98 136 60 “Burning” sensation in epigas- 
trium; sense of pressure or 
weight in  epigastrium; not 
nauseated 
»:29 2 98 142 64 
l 24 98 145 4 
so4 27 98 150 68 
236 29 98 +156 70 Nauseated; no acute distress 
9 32 100 156 66 “Burns” under sternum 
4 35 96 150 @ “Choking” sensation; respiration 
slightly increased 
44 37 4 148 O4 
17 40 Of 148 O4 
1 44 oF 142 60 No sensation remains 
49 o4 142 62 
52 136 
56 of 138 60 Changed position in bed 
58 94 136 60 
62 94 138 
4 67 o4 140 60 
73 o4 138 62 
76 94 136 
7 92 132 
4 87 92 130 58 
97 92 124 
249 102 92 122 58 
115 vO 118 55 
1:07 120 9” 120 56 


+ Patient has occasional extrasystoles at this point, single beats came through (systolic 
pressure) as high as 168 mm. 

“A repetition of this observation five months later after the administration of 4 mg. of 
pinephrine did not produce any effect. The patients basal metabolism at that time was 
plus 40. 


Taste 4.—Symptoms Manifested After Administration of Epinephrine 


the series of rectal administration, with sufficient frequency to leave no 
doubt concerning the stimulation of the vagus system on those occasions. 
The absence of peristalsis does not signify a stimulation of the sympa- 
thetic system, although such may be the case. The effect that the various 
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gastric and duodenal secretions may have on the drug is also difficult, if 
not impossible, to state. In those cases in which peristalsis resulted 
there probably was also a stimulation of secretory activity which at least 
theoretically should have destroyed the drug. In cases in which peristalsis 
was not apparent, the secretory activity may have been inhibited; it 
certainly was not stimulated; consequently in the absence of secretion, 
destruction of the drug would be delayed, and the systemic effects would 
be more marked; however, this was not observed. 

The effects on the blood pressure may be a secondary result of the 
drug. The local effect in the stomach was to produce peristalsis and 
general distress. The abdominal cramps associated with the patient’s 
consequent tenseness may, to some degree, explain the rise in blood 
pressure. To be certain that it was due to absorption would be neces- 
sary in order to test the blood for the presence of epinephrine; this was 
not done. However, in the presence of other systemic manifestations, 
such as dryness of the mouth, increase in the tremor or respiratory dis- 
tress, it seems probable that the effect on the blood pressure was 
primarily the result ef the drug in the blood stream. 

The vasoconstricting quality of the drug makes it unlikely that its 
administration by mouth will be effective. Undoubtedly, it is destroyed 
in the presence of strong acids and even of weak alkalis; consequently, 
when they are present in the stomach in sufficient quantity, the drug will 
be destroved before it can be effective. From these experiments, it 
seems unlikely that it would be of any value and certainly might be of 
considerable harm in gastric hemorrhage. There is not sufficient evi- 
dence to show that the oral administration is effective in small doses, 
such as are often recommended, and in larger doses its effectiveness is so 
inconstant and unreliable that administration by this method is not to 
be commended. 

CONCLUSIONS 

1. The oral administration of epinephrine is inconstant and unreli- 
able, and for this reason it cannot be satisfactorily used for therapeutic 
purposes or for any form of sensitization tests 

2. The oral administration of the drug in man produces effects 
which have not as yet been explained in the light of animal experimenta- 
tion. 

3. Despite the generally expressed opinion to the contrary, epine- 
phrine is absorbed in the gastro-intestinal tract (other than the mouth 
and throat) in certain cases as evidenced by changes in blood pressure, 
increased tremor, sweating, abdominal distress and other systemic 
manifestations of the drug. 
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PERICARDIAL PAIN 


AN EXPERIMENTAL AND CLINICAL STUDY * 


JOSEPH A.. CAPPS, M:D. 


CHICAGO 


In a perusal of the literature one encounters diverse opinions con- 
ning the role of pain in pericarditis. 

Strumpell says: 

Pain may be felt in the cardiac region and often in the epigastrium, but is 
nt in many cases. Dyspnea and pectoral distress are almost constant. 


Hirschfelder,’ considers that “In simple fibrinous pericarditis, pre- 
dial pain is the most striking symptom.” 
Musser,” says : 


Pain is frequently present; it may be lancinating, dull or heavy, localized in 
fourth and fifth spaces or referred like angina pectoris, but modified by 
ssure. 


Pick and Hecht * write: 


Pericarditis usually causes discomiort which is localized in the region of the 
rt and is described as pressure. Pronounced pain may be present radiating 
the arms and shoulders. Epigastric pains have also been observed. 


Norris and Landis ° assert: 


Pain may be entirely absent or may be of a very sharp, stabbing character. 
ually it is felt over the heart, but it may radiate into the abdomen, to the leit 

of the neck or shoulder. Often it is increased by movement, deep breath 
cough. Tenderness may be elicited by pressure in the region of the apex. 
o there may be a feeling of oppression or tension in the precordium. 


Mackenzie,® on the other hand, says: 


Dry pericarditis is essentially a painless complaint. This curious painless- 
ess has long puzzled me. When pains are associated with pericarditis it will 
ivariably be found that there is evidence of myocardial affection. 


* Read before the Association of American Physicians, May 3, 1927. 

1. Striimpell: Text Book of Medicine, 1893. 

2. Hirschfelder, A. D.: Diseases of Heart and Aorta, Philadelphia, J. B. 
Lippincott Company, 1910. 

3. Musser, J. H.: Medical Diagnosis, Philadelphia, Lee and Febiger, 1913. 

4. Pick and Hecht: Clinical Symptomatology, New York, D. Appleton & 
Company, 1911. 

5. Norris and Landis: Diseases of the Chest, Philadelphia, W. B. Saunders 
& Company, 1918. 

6. Mackenzie, J.: Diseases of the Heart, New York, Oxford University 
Press, 1908. 
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It is of interest to note that many years before Head,* found that 
“Pericardial pain like that of pleurisy is local, with more or less deep 
tenderness.” He thought the pain was never referred. 

Levine* refers to “precordial pain as the most characteristic com- 
plaint in pericarditis and in rheumatic patients a very common one.” He 
quotes Sibson as having found pain present in 70 per cent of his series. 
“The pain is apt to be sharp, stabbing, aggravated by cough and deep 
breathing and may extend to the shoulder, arm, neck or abdomen. In 
older people and in nephritics pain need not be present.” 

A graphic description of acute pericarditis is given by Allbutt: ° 

There may be neither symptom nor sign. Usually the patient complains ot 
a dull, wearisome ache rather than an acute pain. In other cases the distress 
varies from slight discomfort to a severer pain aggravated by movement, deep 
inspiration or cough. It may be seated in the epigastrium or reflected towards 
the neck and shoulder blade and shoulder. Finally the pain may be retrosternal, 
especially in the angino-form attacks. If the phrenic nerve be engaged, tw: 
tender points may be observed, one over the sterno mastoid muscle, the other 
at the xiphoid. Not infrequently there is pain on swallowing. 


To reconcile these seemingly conflicting statements it is obvious that 
one should have more accurate knowledge of the exact location of the 
inflammatory process responsible for each clinical pain picture described. 

A simple pericarditis involves only the serous lavers of the peri- 
cardial sac. According to Allbutt, the inflammation may extend upward 
involving the sheath of the aorta and thereby produce symptoms oi 
angina. 

The fibrous pericardium is in contact anteriorly and posteriorly with 
the pleural membranes, while laterally it is in close contact with the 
mediastinal portion of the parietal pleura. The base of the pericardium 
is attached to the central tendon and to the adjacent part of the muscular 
substance of the diaphragm. As a result of these close relationships, it 
is apparent that extension of a serous pericarditis through the fibrous 
sac may set up pleuropericarditis in different localities. Conversely, it 
is a common event for an inflammation of the anterior or posterior 
mediastinum or of the diaphragmatic pleura to extend inward to the 
serous pericardial sac. 

When one considers that pericarditis may be confined to the serous 
lining alone, or be associated with inflammation of the fibrous layer or 
of the adjacent costal and diaphragmatic pleura, it is not surprising that 
the pain phenomena are variable. 

The purpose of this study is to determine, as far as possible, what 
structures within and adjacent to the pericardium are capable of pro- 
ducing pain and what laws govern the distribution of this pain. 

7. Head, H.: Brain 19:153, 1896. 


8. Levine: Nelson’s Loose Leaf Medicine 4:182, 1920. 
9, Albutt, C.: Oxford System of Medicine 2:261, 1920. 
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The most reliable evidence bearing on this question is to be obtained 
y direct irritation of the various structures within and around the peri- 
cardial sac and the careful recording of painful sensations thereby 
nduced, both with respect to quality and localization. Such observa- 
‘ions, of course, cannot be made on animals, and only exceptionally does 
‘le Opportunity present itself in man. In the presence of a large peri- 
rdial effusion which displaces the lung, I have found conditions 
vorable to the making of pain tests during the therapeutic drainage of 

e fluid. 

After careful orientation of the pericardial border by means of per- 
ssion and the roentgen ray, the skin is anesthetized with ethyl chloride 
da trocar inserted not far laterally from the left border. The first 
rust through the parietal pleura is always accompanied by the charac- 
ristic local pain. This is allowed to subside before the second thrust 
made through the pericardial membrane. The presence or absence of 
in from this penetration is noted. Before withdrawing much fluid a 
ver wire is introduced through the hollow cannula and the heart and 
rous walls stimulated by pressure of the point and by scratching move- 
ents, as extensively as possible. By making every movement deliber- 
e and by assurance of the patient, this can be performed with little 
scomfort and with cooperation. 

The clinical study of pericardial pain is made difficult by the frequent 
sociation of pericarditis with disease of the heart and with disease 
i the nearby lungs and pleurae. In order to reduce the problem to the 
mplest terms, I have chosen only the less complicated cases for study. 
have purposely avoided cases of the pericarditis complicating pneu-. 
onia, tuberculosis and aneurism because of the increased difficulties 
' interpretation. Whenever possible the exact nature and location of 
e lesion has been confirmed by roentgen-ray examination and necropsy. 

For convenience, my observations have been divided into the follow- 

ing groups: 

1. Experimental Results 

Pain caused in penetrating the pericardial sac and the sensation produced 
by exploration of the parietal and visceral portions of the serous layer 
with a silver wire were noted in tapping pericardial effusion. 

2. Clinical Observations 

(a) Acute and subacute pericardial effusions 

(b) Dry pericarditis 

(c) Dry pericarditis following coronary thrombosis 

(d) Pleuropericarditis. 


EXPERIMENTAL RESULTS 


Case 1—R. J. had had tuberculous pericarditis of several weeks’ duration, 
accompanied by a large bloody effusion. Paracentesis was performed with a 
trocar in the fourth left interspace, well outside the mammary line. As the 
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parietal pleura was pierced there was the well known, sharp, localized pain. 
Pain was not experienced as the pericardium was entered either over the heart 
or elsewhere. A silver wire was introduced through the hollow cannula. Contact 
with and scratching of heart and parietal pericardium did not cause pain. A 
second tapping in the same locality a week later gave identical results (fig. 1). 

Cask 2.—]. N. had had chronic tuberculous pericarditis with large effusion, 
Paracentesis was performed in the fourth left interspace outside the mammary 
line. Piercing the pericardial sac or pressure of wire on the heart and on the 
serous covering of the sac wall did not cause pain. When the wire passed under 
the apex and produced a “tripping,” the patient complained of a “queer aching” 
sensation over the area of the heart “like pressure.” 

Case 3.—T. W. had subacute rheumatic pericarditis with large effusion 
Paracentesis was performed in the fifth left interspace lateral to the mammary 
line. As the trocar pierced the pericardium the patient complained of a sharp 
pain in the midtrapezius ridge, a pain in marked contrast to the local pain expe- 


] 


ig. 1 (case 1).—Showing the method of exploration in a case of pericardial 
effusion. Paracentesis of the pericardium at the fourth space, irritation of the 
serous pericardium and irritation of the heart did not produce pain. Second 
paracentesis in the fourth space gave similar results. 


rienced when the parietal pleura was punctured. Pressure and scratching of 
the tip of the silver wire over the surface of the heart and the inner pericardial 
wall did not cause pain. 

A second paracentesis in the sixth left interspace outside the mammary line 
also caused pain in the neck in the same area as in case 3. Exploration of the 
inner sac again did not cause a sensation of pain (fig. 2). 

Case 4.—A. FE. had subacute rheumatic pericarditis with effusion. Para- 
centesis was performed in the fifth left interspace outside the left mammary 
line. Piercing the wall of the chest and parietal pleura caused local pain. 
Piercing the pericardium gave rise to a sharp, lancinating pain over the outer 
third of the trapezius ridge. Pressure of the wire point and a scratching move- 
ment over the heart and over the posterior and lateral portions of the inner 
wall did not cause pain. “Tripping” the heart apex with the wire produced 
skipped beats and an “uncomfortable feeling” over the heart, but without pain. 
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COMMENT 
It will be noted that in three instances in which the pericardium was 
punctured at the level of the fourth interspace pain was not experienced, 
while in the two punctures at the level of the fifth space and one at the 
<th space, pain was felt in the neck. 

From previous experiments carried out by the wire method, it is 
nown that irritation of the pleura covering the diaphragm from the 
ericardial junction to a short distance from the costal attachment also 
ves rise to pain in the neck. One may reasonably conclude that 
ferent fibers of the phrenic nerve supply the central portion of the 

aphragm and extend upward to a distance of from 1 to 2 inches 


2.5 to 5.em.) over the surface of the fibrous pericardium (fig. 3). 


Fig. 2 (case 3).—Showing the results of exploration in a case of pericardial 
fusion. Paracentesis of the pericardium in the fifth space and paracentesis 
in the sixth space produced pain in right trapezius region. Irritation of the 


erous pericardum and irritation of the heart did not produce pain. 


The irritation from the wire of the serous pericardium overlying the 
heart seems to demonstrate that this area is insensitive to pain, but as 
it was impossible to explore the investing sheath of the aorta and pul- 
monary artery, one should not assume that the sense of pain is absent. 
The lateral walls of the serous pericardium were irritated by the wire 
at many points, always with negative results. The base of the peri- 
cardial sac could not always be satisfactorily explored on account of 
the impeding motion of the left side of the heart, but all attempts to 


elicit pain in this area were fruitless. 
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CLINICAL OBSERVATIONS 
Chronic Pericardial Effusion—The following are illustrative 
cases: 

Case 1—R. J. had chronic tuberculous pericarditis with large effusion. Thx 
patient was not seen when the condition was in the acute stage. Friction 
sounds were not heard over the heart or lungs. Orthopnea, dyspnea and 
distress and oppression over the region of the heart were experienced. Sharp 
pain did not occur over the heart or in the chest, neck or shoulder. 

Case 2.—C. T. had chronic pericarditis with large effusion, probably tuber- 
culous. Dyspnea and orthopnea were present. Deep pressure over the heart 
did not cause tenderness. There was no pain over the heart, chest, neck or 
shoulder. While under observation during the subsidence of the effusion, a 
to-and-tro friction appeared for two or three days, but was not associated witl 


pain. 


Fig. 3.—Shading shows portion of fibrous pericardium and central diaphragm, 
irritation of which gives rise to neck pain. 


Case 3.—A. E. had had rheumatic pericarditis with effusion of two wecks’ 
duration. A sense of precordial tightness and oppression was felt, but there 
was no pain over the heart, chest or neck. Pressure over the heart did not 
cause tenderness. On the fourth day of observation, a distinct to-and-fro friction 
was audible over the base, continuing for several days, but without pain. 

Case 4.—J. N. had chronic tuberculosis pericarditis with effusion. Dyspnea 
and a tight feeling over the sternal region were experienced. Pain was not felt 
over the heart, chest, neck or shoulder. Pressure over the precordium did not 
cause tenderness. 


(Bb) Dry Pericarditis—The following are illustrative cases: 


Case 1.—L. L. had fibrinous pericarditis developing as a late complication 
in a case of septicemia. There was also hemolytic streptococcus infection with 
gangrene of the leg. Thirty-six hours before death the patient developed a 
distinct to-and-fro friction over the apex of the heart. Although his mind 
was clear. he did not feel pain or distress over the heart or tenderness to 
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deep pressure. At postmortem examination, a patch of fresh fibrinous exudate 
was found over the left ventricle and apex. Pleurisy was not present. 

Case 2—A. C. had dry pericarditis and terminal endocarditis. A loud fric- 
n rub was heard over the whole area of the heart. A grating sensation could 
felt with the hand. There was a slight rise of temperature. Distress or pain 
any kind was not felt over the heart, chest or neck. Deep pressure did not 
elicit tenderness. At necropsy two days later, a rich fibrinous exudate was 
und covering the heart and the complete serous lining of the sac. The patient 
| not have pleurisy. 
Case 3.—A. C. had dry rheumatic pericarditis. To-and-fro friction sounds 
re heard over the upper sternal region. Pulmonary or pleural involvement 
is not present. Slight dyspnea and a sense of distress were experienced, but 
hing or pain was not experienced over heart, chest or neck. Deep pressure over 


precordial region did not elicit tenderness. 


Fig. 4 (case 2—2).—Typical dry pericarditis with to-and-fro friction sounds 
ver whole area of the heart. Necropsy revealed universal fibrinous exudate 
over the heart and serous pericardial sac. Pain was not experienced in the 


egion of the heart at any time. 


Case 4.—L. McW. had dry tuberculous pericarditis. There was an old tuber- 
culous lesion of the left apex of the lung, showing in the roentgenogram as a 
practically healed fibrous thickening. The pericardial friction appeared after 
a chilling and cold in the head. Although the friction persisted for several 
days, there was never any cardiac distress, dyspnea or pain. Deep pressure 
did not cause tenderness over the region of the heart. 

(C) Dry Pericarditis Following Coronary Thrombosis.—It is well 
known that within a few days of the onset of an infectious coronary 
thrombosis a fibrinous pericarditis is likely to develop. Since in these 
cases there usually is no complication of the pleura or the lung, there is 
an excellent opportunity to observe any change in the subjective symp- 
toms at the time the pericarditis manifests itself. 

Case 1—A. E. had dry pericarditis appearing on the fourth day after an 
attack of coronary thrombosis. The anginal pain was a dull ache over the heart 
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with referred pain to the left shoulder. The temperature was elevated 
With the development of the friction sounds, the patient was not aware of any 
new sensation of pain or distress or of aggravation of the angina pains. He 
died on the seventh day. 

Cask 2.—C. G. had coronary thrombosis accompanied by anginal cardiac 
pains in the shoulder and arm, and fever. On the third day after the onset a 
to-and-fro pericardial friction was heard over the lower sternal region. The 
cardiac pain was not in any way influenced by the pericarditis and new pair 
Was not experienced. The patient died three weeks later. 

Case 3.—E. L. had coronary thrombosis accompanied by typical anginal pain 
over the heart and slight fever. On the third day after the onset a distinct 
friction sound was audible over the lower half of the sternum. At the time oi 
the appearance of the pericarditis the anginal pain was no longer severe. Thi 
patient was not aware of any new type of pain or of any aggravation of the 
anginal pain as a result of the pericarditis. After a prolonged period of rest 
the patient recovered. 

Case 4.—H. J. had coronary thrombosis accompanied by continuous cardia 
pain and slight fever. On the fourth day, a to-and-fro friction was heard ove: 
the apex of the heart. There was no change in the character of the cardia: 
pain at the onset of pericarditis and no increase in the anginal pain. The patien 
died on the fifth day. 


(1)) Pleuropericarditis, Complicating Dry Pericarditis—TVhe com 
plication of pleuropericarditis on a true serous pericarditis is responsibl: 
for many of the peculiar pain complexes that have caused confusion it 
diagnosis. A dry pericarditis can be recognized by the presence of a 
friction rub, synchronous with the heart movements, and usually by 
that sign only. On the other hand, a pleuropericarditis in the medias 
tinal regions or along the diaphragm, may not manifest any 
auscultatory signs, but must be identified by the peculiar and charac- 
teristic reference of the pain, which is influenced not by the beat of the 
heart but by deep inspiration, cough or movements of the chest. 

A few illustrative cases are cited. 


Case 1.—C. C. H. had pleurisy, pleuropericarditis and pericarditis of unknow) 
infectious origin. On the first day, a pleuropericardial friction rub was heard 
over the apex region of the heart. A sharp catchy pain was felt at this point 
and tenderness to pressure. At the same time a sharp pain was felt over the 
outer third of the trapezius ridge, also tender to pressure. The pain in both 
locations was induced by deep inspiration and by coughing. These symptoms 
are explained by a parietal pleurisy and by a pleurisy near the junction of the 
diaphragm and pericardium. On the second day, a pleural friction was heard 
above the nipple associated with sharp pain localized over this region. This is 
undoubtedly due to a restricted parietal pleurisy. On the fourth day a to-and-tfro 
friction was audible over the sternal region, not influenced by breathing and not 
associated with pain—an involvement of the serous pericardium. 

Casrt 2.—H. P. had pleuropericarditis involving the diaphragmatic pleura, 
following tonsillitis (fig. 5). A friction rub was heard for two days below the 
apex of the heart, influenced both by the motion of the heart and by respiration. 
At the onset the patient complained of a sharp, severe pain in the neck at the 
junction of the middle and upper third of the trapezius ridge; also of a severe 
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in over the navel, with hyperalgesia of the upper left quadrant of the abdomi- 
} wall. Both of these points of pain were tender to pressure. After two days, 
friction disappeared and the pain gradually subsided. 
The roentgen-ray examination showed a definite blurring and cloudiness of 
leit diaphragmatic pleura especially at the pericardial angle. The referred 
in along the phrenic nerve gave a clue to the location of the inflammation, 
the referred pain to the abdomen indicated the probable involvement of 
margin of the diaphragm with pain referred through the intercostal nerves. 
Case 3.—Y. had dry pericarditis of rheumatic origin with pleuropericarditis. 
several days a to-and-fro friction rub could be heard over the upper and 
ver sternal region. Pain did not accompany the pericardial friction, when 
ldenly the patient complained of a sharp pain in the neck in the upper third 
the trapezius ridge. This pain was induced by deep inspiration and was 
hbably due to an involvement of the lower part of the fibrous pericardium or 


the adjacent diaphragmatic pleura. 


lig. 3 (case 4—2).—Pleuropericarditis, dry serous pericarditis, dia- 
ragmatic pleurisy following tonsillitis: Pain was not ielt over the area 
i the heart. Pain was referred to the neck (from the lower fibrous pericardium 
nd central diaphragmatic pleura), and to the navel (from the outer margin of 
diaphragmatic pleura) and was induced by deep breath and cough. A roentgeno- 
eram showed thickening of the fibrous pericardium and diaphragmatic pleura. 


Cask 4.—D. E. had dry pericarditis and pleuropericarditis complicating a 
rheumatic arthritis. Friction sounds were heard over the lower two thirds of 
the sternal region at first to-and-fro, later induced only by deep breathing. 
indocardial murmurs were not distinguished. Pressure sensation over the 
sternal region was marked. It felt “as if the chest were bruised inside.” A 
deep breath caused a distinct catch over the sternum like a pleurisy, and it 
hurt him to move from side to side. Tenderness to deep pressure over the 
sternum and the parasternal spaces was marked. 

The relation of the friction to respiration and the definite relation of the 
pain to deep inspiration and movement, together with the local tenderness, 
strongly suggest a mediastinal involvement of the pleura and pleuropericardium. 
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Case 5.—W. M. had pericarditis, pleuropericarditis and diaphragmatic 
pleurisy following osteomyelitis. After a chill and rise in temperature, a friction 
sound was heard over the lower sternal and parasternal regions, associated with 
sharp pains in the same location at the end of deep inspiration or cough. This 
was considered a parietal pleurisy in the anterior mediastinum. 

Soon after this two points of acute pain appeared, one over the outer third 
of the trapezius ridge, the other at the left costal border near the tenth rib, 
both induced by deep breathing and cough. This was interpreted as a dia- 
phragmatic pleurisy extending over both central and peripheral areas. 

On the third day a to-and-fro friction sound was heard over the midsternal 
region, but not accompanied by pain. This was a serous pericarditis. 


SUMMARY 
1. Paracentesis of the pericardium at the level of the fifth and sixth 
interspace lateral to the mammary line elicited pain in the neck at a point 
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Fig. 6.—Distribution of sensory fibers of phrenic nerve to the lower part of the 
fibrous pericardium and the diaphragmatic pleura. The afferent impulses flow int 
the cervical cord and are reflected to the neck region. 


along the trapezius ridge; at the level of the fourth interspace, para- 
centesis caused no pain. Previous experiments have shown that when the 
central portion of the diaphragmatic pleura is irritated this also gives 
rise to pain in the neck. Hence one may infer that the phrenic nerve 
supplies the central diaphragm and at least the lower portion of the 
fibrous pericardium with fibers that carry afferent impulses. 

2. Exploration of the inner surfaces of the pericardium with a silver 
wire failed to induce any response of pain in the serous membrane. 

3. Pressure on, and scratching of, the pericardial investment of the 
heart itself did not produce pain, although “tripping” the apex with the 
wire induced a peculiar feeling of distress and apprehension. 
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4. In four cases of subacute and chronic pericarditis with large 
effusion, the patients complained of dyspnea and often of a sense of 
oppression over the heart, but they did not feel pain over the heart, 
chest, neck or arm. Deep pressure over the precordium did not cause 
enderness. 

5. In four cases of simple dry pericarditis with to-and-fro friction 
ounds, two patients experienced dyspnea and one a “tight feeling” 
ver the heart, the other two did not have distress of any kind. None 
ad sharp pain over the heart, chest or neck. Deep pressure over the 
recordium did not cause tenderness. 

6. In a group of four cases of infective coronary thrombosis, the 
lvent of a dry pericarditis was observed with reference to pain. These 
iients had had a degree of continuous anginal pain over the cardiac 
gion, but the complication of dry pericarditis did not alter this svmp- 
mn and did not in any instance give rise to new pain or distress over the 
‘art. 

7. From a study of the foregoing groups (paragraphs 5 and 6) one 
ay conclude that a simple dry pericarditis (serous layers) may produce 
sense of precordial tightness and moderate dyspnea, but as a rule does 
it cause subjective symptoms. Actual pain did not occur in any case. 
hese observations taken together with a failure to provoke pain by 
‘echanical irritation of the serous pericardium, lead me to believe that 
ry pericarditis is usually a painless disease, as Mackenzie has stated. 


8. The presence of pain with pericarditis usually indicates the 


ivolvement of the tissues outside the pericardium, especially the pleura. 


‘leuropericarditis may create a variety of pain complexes depending on 
ie location of the disease. Anterior mediastinitis, by involving the 
arietal pleura, causes direct local pain, aggravated by inspiration, and 
vith tenderness on pressure. A pleuropericarditis near the attachment 
) the diaphragm, with or without involvement of the diaphragmatic 
leura, gives rise to pain in the neck by way of the phrenic nerve. Pos- 
crior mediastinitis may involve the parietal pleura and cause dorsal 
pain. Pleurisy is a common complication of the pericarditis in pneu- 
monia and rheumatism, whereas it is infrequent in the pericarditis of 
nephritis and other terminal diseases. This probably explains the “pain- 
less” character of the nephritic pericarditis and the relatively painful 
picture commonly attributed to the rheumatic type. 

9. There is good authority for believing that pericarditis may at 
times be associated with angina-like pains, which are explained by 
Allbutt as being due to the extension of the inflammation in rare cases 
to the region of the aorta and perhaps even to an invasion of the aorta. 
lurther investigation of the pathologic anatomy in this group is needed. 


INTRATRACHEAL INJECTION OF TODIZED OIL 
EXPERIMENTAL STUDIES * 
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INTRODUCTION 

The Combination of Oil with Todine—The value ot iodized oil as 
a diagnostic agent in diseases of the lungs depends on two properties : 
the opacity to the roentgen ray, owing to the high iodine content, and 
the nonirritating quality of the substance. 

Oils combined with iodine or bromine were originally used as thera- 
peutic agents in medicine. They were administered by mouth and by 
subcutaneous injection. The conception of using such a combination 
was associated with the empiric use of cod liver oil, the beneficial effects 
of which were attributed to the richness of the drug in iodine. It was 
also noted that iodides, valuable medicaments by themselves, were par- 
ticularly useful when combined with fats. Moreover, the tolerance to 
iodine when combined with lipoids was considered higher than that to 


other preparations, such as sodium or potassium iodide. 


It has been shown experimentally that fat which has absorbed about 
30 per cent of iodine can be given in large amounts intramuscularly with- 
out marked local reaction. The older writers produced evidence to show 
that iodine is partly excreted by the kidneys and partly deposited in the 
adipose tissue of the organism, where, it was believed, it became 
identified with the fat of the host. In view of this fact, it was con- 
sidered as a perfect combination for the administration of iodine, 
particularly when high doses were required. 

From a chemical standpoint, halogens combine readily with fatty 
substances or oils when the latter contain unsaturated fatty acids. 
Winternitz ' was the first to introduce a combination of iodine and oil. 
The iodized oils now used in roentgenology are prepared according to 
the original method devised by him. The content of iodine is, however, 
increased from 10 and 25 per cent to as high as 40 per cent. Only oils 


*From the Surgical Laboratory of the Peter Bent Brigham Hospital, and 
the Laboratory for Surgical Research, Harvard Medical School. 

1. Winternitz, Hugo: Ueber Jodfette und ihr Verhalten im Organism, 
Ztschr. f. physiol. Chem. 24:425, 1898. 
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of the oleic group, such as poppy oil, are recommended Oils rich in 
fatty acids are considered unsuitable for medical purposes. 

The Absorbing Power of the Lungs—Physiologists of the first half 
of the 19th century regarded the lung as an excellent absorbing sur- 
face. Colin ® injected six liters of water into the lungs of a horse via 
the trachea without causing any noticeable discomfort to the animal. 
and in another experiment he introduced 25 liters of water within six 
hours. During the course of this experiment, he withdrew 6 liters of 
blood without apparent ill effect on the animal. Magendie * and other 
physiologists have shown that strychnine and other poisons or toxins are 
juickly and completely absorbed when injected into the trachea. Thus 
otassium iodide so introduced appears in the urine within five minutes 
ollowing the injection. 

The brilliant experiments of Claude Bernard * along the same line 
re in complete accord with those of Magendie and Colin. 

The absorbing property of the lungs, and the apparent harmlessness 
if making injections into them naturally attracted the attention of the 
linician. The older physician explained his failure in the treatment of 
patients with various pulmonary conditions on the basis that these 
rgans could not be attacked directly by drugs. The motto: “Corpora 
non agunt nisi fixata’ was narrowly interpreted, and methods were 
ooked for to bring the drug in direct contact with the lung. “It sounds 
llogical,”” writes Delor * from professor Havem’s clinic, “to think that 
n angina, cystitis, enteritis, and even in affections of the spinal cord, 
he very focus of infection is attacked, whereas in pneumonia and 
bronchitis one treats the patient with drugs absorbed through the 
stomach and by revulsives.” 

It may be of interest that the first to apply intratracheal medication 
was a New York physician, Horace Green.* He treated thirty-two 
tuberculous patients with injections of strong solutions of silver nitrate 
(6 per cent) intratracheally. His clinical protocols indicated good 
results, but under the severe criticism of the New York Academy of 
Medicine he was obliged to discontinue his method. Subsequently it 
has been used widely in veterinary practice, and it has been revived 
2, Colin, J.: Traité de physiologie comparée des animaux, 1873, vol. 2, 
p. 108. 

3. Magendie, quoted by Colin (footnote 2). 

4. Bernard, Claude: Lecons sur les effets des substances toxiques, 1857. 

5. Delor, J.: Des injections intratrachéales vraies et directes dans le traite- 
ment broncho-pulmonaires, Thése de Paris, 1901. 

6. Green, Horace: De l'emploi des injections dans les bronches et les 
cavernes tuberculeuses, Gazette hebd. de méd. et chir., Nov. 30, 1855, p. 831. 
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as a therapeutic agent in human beings during the last two decades of 
the 19th century.‘ 
With the wide clinical application of the roentgen rays, the idea of 


visualization of the bronchial tree occurred to numerous persons,” but 


' were the first to make intratracheal injections of 


Sicard and Forestier ‘ 
iodized oil (lipiodol).'’ This substance is similar to that produced by 


Winternitz. 


Recent literature abounds with reports concerning its clinical and 


roentgenologic use. The experiments herein reported are concerned 
with the action of the iodized oil, introduced intratracheally, on the lungs 
of animals. 
EXPERIMENTS AND THEIR INTERPRETATION 

Material and Technic——Full grown cats were used in the experiments. <A 
carnivorous animal was chosen tor the experiments, because it was thought to 
possess superior ability over herbivorous animals to metabolize quantities of fat. 

Lipiodol (Lafay) or iodipin (Merck) 40 per cent in amounts varying from 
1 to 10 cc. heated to body temperature was injected into the trachea of the 
etherized animals, according to a technic described elsewhere.’ Roentgeno- 
grams of the chest were taken immediately after injection to observe the distribu- 
tion of the oil, and also at different intervals to follow grossly the fate of this 
substance in the chest. The animals were killed at intervals of from thirty 
minutes to four months following the introduction of the oil. Removed tissues 
were fixed and stained in the customary manner and also with Herzheimer stain 
for the presence of fat. 


7. Dor, Louis: Les injections intratrachéales d’huile créosotée chez les 
tuberculeux, Rev. de méd. 9:879, 1889-1890. Botey, R.: Possibilité des injections 
trachéales chez homme comme voie d'introduction des médicaments, Compt. 
rend. Acad. d. sc. 3:197, 1890. Clerc, A.: Injections créosotées intratrachéales 
dans la tuberculose, Thése de Lyon, 1896. Pillermont, P.: Action physiologique 
et chimique des huiles iodées, Thése de Nancy, 1901. Mendel, H.: Therapeutique 
local dans la tuberculose pulmonaire par les injections médicamenteuses intra- 
trachéales, Arch. gén. de méd. 1:640, 1903. Lafay, L.: Monographie des huiles 
iodées et bromées, ibid., p. 540. 

8. Guissey and Strodel: Injection de l’arbre respiratoire et du parenchyme 
pulmonaire par la voie transglottique, Compt. rend. Soc. de biol. 72:457, 1912. 
Bossey and Guieysse-Pelissier: Recherche sur la penetration d'une substance 
médicamenteuse dan le poumon sain et tuberculeux par injection trachéale, ibid. 
82:148, 1919. Lynah, H. L., and Stewart, W. H.: Roentgenographic Studies 
on Bronchiectasies and Lung Abscess After Direct Injection of Bismuth Mixture 
Through Bronchoscope, Am. J. Roentgenol. 8:49, 1921. 

9. Sicard, J. A., and Forestier, J.: Méthode générale d’exploration radio- 
logique par I’huile iodée (lipiodol), Bull. et mém. Soc. méd. d. hop. de Paris 
46:463 (March) 1922. 

10. Colin, whom I have quoted, relates an experiment by one of his pupils 
who introduced 500 Gm. of oil into the lungs of a horse via the trachea without 
disturbing the animal. 

11. Fried, B. M., and Proctor, E. E.: The Appearance of Specific Antibodies 
in the Serum of Rabbits by Intratracheal and Intravenous Injections of Living 
Tubercle Bacilli, Proc. Soc. Exper. Biol. & Med. 21:396, 1924. 
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The Reaction of the Animal to the Injected Oil—The cat was not 
disturbed apparently when the amount of oil injected into the trachea 
did not exceed 3 or 4+ cc. Recovery from the anesthesia was prompt, 
ind the general subsequent behavior of the animal did not differ from 
that of its normal neighbors. But when the amount of the injected oil 
was above 4+ ce. (from 5 to 10 ce.), the procedure was followed by loss 

i appetite and asthenia, with steady loss of weight. This in most cases 
isted for about a week and ended in recovery. With 10 cc. of iodipin 
n the lungs, six animals (about 30 per cent) died within from four to 
ve days after the operation, and eight were ill for some time. After 
eath no gross lesions could be found in the lungs or other organs, and 
was assumed that iodine poisoning probably caused the rapid demise. 
\ group of six animals that received 10 cc. of iodipin survived in our 
ives for four months in perfect health, and even gained some weight. 

From these observations our impression was that the use of mod- 
rately small amounts of iodized oil (from about 1 to 1.5 ce. per kilo- 

‘am of body weight ) caused no harm to a healthy cat. Doses exceeding 
at amount appeared to be detrimental to the health of the animal, 
nd not infrequently caused its death. 

The Gross Appearance of the Removed Lungs.—tThe cats were killed 
ider deep ether anesthesia. The trachea was usually constricted with 
clamp at the height of inspiration so that the organs were moderately 
<panded, and the lungs were removed and fixed in toto. In a few 
istances, a 10 per cent solution of formaldehyde was injected into the 
emoral vein. Fixation by injection of the fixative into the trachea 
vas considered unwise, because this method would disturb or displace 
he intra-alveolar exudate. 

That the oil injected intratracheally reached the alveoli at once was 

emonstrated by the roentgen ray and also by examining the lungs 
inmediately after injection. In instances in which from 6 to 10 ce. of 
this substance was introduced, the lungs appeared to be markedly dis- 
tended and uniformly brown, probably due to the iodine (fig. 1). On 
cut surface these organs were spongy, grossly revealing the presence of 
oil. In a number of instances, this could be seen as late as from ten to 
twelve weeks following the injection. With smaller amounts of oil, the 
brown color of the lungs was distributed in patches. In these areas, the 
lung was usually more distended than elsewhere. In no instance was 
pneumonia or other inflammatory processes noted in the experimental 
animals. 

The Persistence of the Oil in the Lungs of Normal .Animals.— 
Investigations by older writers (footnotes 1 to 7) who used iodized oil 
intramuscularly and orally indicate that the introduced drug is first 
decomposed into its two components, iodine and oil. The iodine is 
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rapidly eliminated through the kidneys, and the oi! undergoes the usual 
fate of lipoid substances introduced into the organism, that is to say, it is 
decomposed into fatty acids and glycerin and absorbed and oxidized. 
Recent investigations of intratracheal injections of lipiodol and 
iodipin seem to confirm the observations made by previous writers, as 
far as the elimination of iodine is concerned. Sicard and his associates,'” 
after injecting 5 cc. of lipiodol into the lungs of a patient, found iodine 
in the urine for twenty days, varying in amount from 15 to 200 mg. 
daily. nipping and Ponndorf '* found iodine in the urine of patients 


Fig. 1.—Intratracheal injection of 8 cc. of lipiodol. 4 is a roentgenogram 
taken a few minutes after the injection. The iodized oil is distributed throughout 
beth lungs, being heavier around the pulmonary root. B, lungs (two-thirds 
natural size) from the same cat killed soon after the roentgenogram was taken 
The lungs are nearly one and a half times larger than usual, but they are 


spongy and their surface is smooth. 


a few hours following the intratracheal injection of the oil. In one case 


they found large quantities of iodine in the urine thirty days after the 


injection of iodipin. 

12. Sicard, Faber and Forestier: Elimination urinaire de l'huile iodée, Bull. 
et mém. Soc. méd. d. hop. de Paris 47:315 (June 23) 1923. 

13. Knipping, H. W., and Ponndorf, W.: Ueber die Fillung der Lungen mit 
Jod6l, Beitr. z. Klin. der Tuberkulose 63:329, 1926. 
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The fate of the oil in the lungs and the reaction which it stirs up 
there have become questions of importance since the introduction of 
iodized oil for clinical use. 

Recent investigations by French physiopathologists indicate that the 
lungs, besides their function of respiration and elimination of carbon 
monoxide and water, also play a role in the metabolism of different 
substances, particularly lipoids. Roger,’* for instance, compares the 
pulmonary action on fatty substances to that of the liver on carbo- 
hydrates. From an anatomic standpoint this is suggestive in the fact 


Figure 2 Figure 3 
Fig. 2.—Intratracheal injection of 7 cc. of lipiodol. Roentgenogram taken 
about six hours after the injection. The oil can be seen at the apex of the left 
lung. The usual arborization distribution of the oil begins to disappear, being 
replaced by clumps scattered over the lungs. 
Fig. 3—Another cat with 7 cc. of lipiodol in the lungs. The roentgenogram 
was taken about fourteen hours after the injection. 


that absorbed albumins and carbohydrates pass directly into the liver, 
while fatty substances are transported by way of the lymphatics and the 
thoracic duct to the right side of the heart and the lungs. Roger and 

14. Roger, G. H., and Binet, Léon: Recherche sur la physiologie du poumon, 


Rev. de méd. 42:1, 1925. 
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his associates believe that the action of the pulmonary tissue on lipoids 
is of double character: (1) lipolitic, which consists in the splitting of 
fat into fatty acids and glycerin; (2) lipodieretic, a term coined by 
Roger to designate the destruction of fat thus furnishing products 
which are not further transformed into ethereal extracts. The lipo- 
dieresis is attributed by the French workers to a ferment the presence 
of which is demonstrated by the appearance of a precipitate when phos- 
phate of lime is added to extracts of organs. Histologically, according 
to Roger and Binet,’* lipodieresis is effected by the endothelial cells 


Figure 4 Figure 5 
Fig. 4—Roentgenogram of the chest from another animal taken twenty-one 
days after the injection of 6 cc. of iodipin. 
Fig. 5—Roentgenogram taken four weeks after the injection of 6 cc. of 


iodipin. 


within the capillaries of the pulmonary alveoli. The experiments of 
Busquet and Vichniac '° show evidence to the same effect. 
Sicard, Faber and Forestiér '* affirm that the lung gets rid of the oil 
thirty times faster than does muscle tissue or the subarachnoid space. 
The results set forth in this paper are based on roentgenologic 
examination, at intervals, of animals with iodized oil in the lungs and 


15. Busquet, and Vichniac, C.: Le Poumon organ de fixation élective de 
Vhuile injectée dans le sang, Compt. rend. Soc. de biol. 84:852, 1921. 
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also on microscopic examination of the lungs made after the animals 
were killed. 

As noted, doses exceeding 1.5 cc. of iodized oil per kilogram of body 
weight were poorly tolerated by animals. Some died within a few days 
following the injection of the oil into the lungs, with signs and symptoms 
suggestive of iodine poisoning (salivation). Our observations show that 
even well supported doses (from 1 to 1.5 per kilogram of animal weight ) 
remain within the pulmonary parenchyma for a long time. After a 
period of four months following the intratracheal injection of lipiodol, 
iraces of the oil could be found in the pulmonary alveoli, particularly 
around the bronchi and in the vicinity of the hilum of the lungs. In 


Fig. 6.—Roentgenogram taken about forty days after the injection of 6 cc. 
of lipiodol. 


five instances, lungs which appeared clear by roentgenogram about three 
months after the injection showed the presence of oil on examination 
with the naked eye as well as with the microscope. 

It would seem, therefore, that iodized oil injected intratracheally was 
not destroyed in the lungs of normal animals with rapidity, but remained 
there for a considerable time. 

The Persistence of Oil in the Lungs of Animals with Respiratory 
Infection —When iodized oil was injected into the trachea of laboratony 
animals, a few workers noted disastrous effects—pneumonia, pulmonary 
abscess and rapid death. Peiper and Close,’® from experiments on 


16. Peiper, H., and Close, H.: Ueber die Grundlagen einer Myelographie, 
Arch, f. klin. Chir. 134:303, 1925. 


734 ARCHIVES OF INTERNAL MEDICINE 


rabbits, consider the intratracheal injection of iodized oil a dangerous 
procedure. This may perhaps be attributed to the amount of iodipin 
injected, possibly to a technical error. 

It occurred to us that it would be interesting to compare the rate of 
disappearance of the oil in animals with a respiratory infection to that 
in normal animals. Thus iodized oil was injected into the trachea of 
cats with “snuffles.” The lesion during the early stages of this disease 
is confined to the upper respiratory tract, but the lungs usually show 
congestion. The animals sneeze a great deal, their respiratory mucosa is 
hyperemic and secretes mucus abundantly. The experiment that follows 
is illustrative of a series of six cats. 


hig. 7.—Roentgenogram taken immediately after the injection of 4 cc. of 
iodipin. The injection was performed slowly. The iodized oil coated the 
trachea and larger bronchi. 


Experiment 29; The subject was a cat weighing about 2.5 Kg. It was normal 
except for “snuffles” at an early stage. 

On Noy. 7, 1926, 4 cc. of warm iodipin (Merck) was injected into the trachea. 
A roentgen-ray examination of the chest a few minutes after the injection 
showed that the oil was distributed in the lungs in the usual arborization fashion 
with filling of the alveoli. During the five to six days following the injection, no 
changes of any kind could be noted in the animal. The infection ran its usual 
course, neither the nasal mucous secretion nor the sneezing apparently being 
influenced by the injection of iodized oil. 

Roentgen-ray examination of the chest every fifth day showed that the oil 
“melted” away rather rapidly. At first, the periphery of the lung became clear; 
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this was followed by an accumulation of “clumps” of the substance in the lower 
ind middle parts of the pulmonary parenchyma. On the twentieth day, oil was 
still visible at the roots of both lungs. At the end of the sixth week, a roent- 
enologic examination of the chest showed that the lungs were clear. With the 
microscope only small droplets of oil could be found at the pulmonary hilum 
ithin the pulmonary alveoli, around the larger bronchi and also between the 
yvucous glands. The roentgen-ray as well as the microscopic examination showed 
he persistence of rather considerable amounts of the oil throughout the lungs 
control animals. 


Fig. 8—L is a roentgenogram taken immediately after the injection of & cc. 
of iodized oil into a cat, and shows the powdery distribution of the substance; 
Fk was taken ten days after the injection. Instead of the fine mottling seen in 
L, the oil here is rather dense, being particularly heavy along the spine. 


The oil in these six cases apparently did not influence the disease. 
l‘urthermore, these cats freed themselves from this substance much 
quicker than their healthy fellows; this was probably due to frequent 
sneezing which “drove” the oil from the pulmonary alveoli into the 
bronchi, whence it reached the pharynx and was swallowed. Coughing 
may therefore be an important factor in the elimination of the oil from 
the chest of persons with pulmonary disease. 
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The action of the hypothetic pulmonary enzyme of Roger on the 
introduced fat is apparently slow. If iodized oil injected into the chest 
may produce damage before it is finally excreted, it would be advisable 
to induce coughing in noncoughing patients or to institute some kind of a 
posture drainage by which the oil would be quickly eliminated. 

The Histologic Reaction of the Lungs to lodized Oul.—The animals, 
as already noted, were killed at intervals of from thirty minutes to four 
months following the intratracheal injection of the oil. The pulmonary 
reaction to the introduced substance was as follows: 

The fat seen in the alveoli as round globules of different size was 
attacked almost instantaneously by cells which were easily identified as 


Fig. 9—Intratracheal injection of lipiodol. A frozen section stained with 
Herxheimer’s stain for fat from the lung of a cat killed about forty-five minutes 
aiter the injection. The alveoli are distended; the alveolar wall is “naked.” In 
one place the cells “lining” the air sac are gathered in a small group showmg 
fatty granules in their cytoplasm; reduced from a magnification ot & 850. 


large mononuclear phagocytes—macrophages (figs. 9 and 10). These 
cells with familiar morphology showing numerous vacuoles in_ their 
cytoplasm were found within the alveoli surrounding the lipoid material 
as if trying to devour it or to wall it off. Thirty minutes after the 
injection a number of them showed numerous fatty granules in their 
cytoplasm, as was demonstrated by the scharlach R stain. The walls of 
the alveoli showed slight swelling and also the presence of fatty granules. 
The cellular elements here seemed to be increased in number, some of 
the cells being readily identified as macrophages by their morphology 
and by the way they had engulfed the oil. 
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The reaction of the cells “lining” the air sacs is of interest. These 
cells, which usually appear as small irregularly round or polygonal 
cells or as flat endothelioid cells resembling the Kupffer cells, showed an 
‘nerease in size and took on an epithelial-like aspect. Normally, they are 
more or less separated from each other by wide spaces, and in areas 
their presence cannot be demonstrated, thus giving the impression that 
the alveolar wall is “uncovered” (fig. 9). But here, due to their “swell- 
ng” and proliferation, they appeared to line the alveolar wall in a syncy- 


Fig. 10.—A section stained with hematoxylin and eosin from the lung of a 
cat killed thirty minutes after the injection of iodized oil. The large cells with 
a deeply stained nucleus having a wide rim of foamy cytoplasm are macrophages. 
Some of the macrophages lie free in the air sac; others “line” the wall of the 
alveolus, and still others are seen within the contour of the dilated capillary. 
These cells only respond to the oil injected into the lungs by way of the trachea; 
reduced from a magnification of X 850. 


tium-like manner. In some areas they were seen singly and in others 
in rows along the wall of the air sac. They contained oil droplets 
gathered in groups like the granules of neutral red in the “supravitally 
stained clasmatocytes”’ of some writers. 
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Cells at different stages of transformation from the flat, endothelioid 
to the plump epithelial-like cells were seen within thirty minutes follow- 
ing the injection of the oil. During the subsequent days, the reaction 
increased in quantity but remained qualitatively the same. The cells 
“lining” the alveoli with or without fatty droplets in their cytoplasm 
detached themselves from the wall of the air sac singly and en masse 
to form the intra-alveolar exudate. 

The “desquamated” cells and those which had migrated from the 
loose connective tissue of the alveolar septums gathered in certain areas 
and formed tumor-like masses. Here the alveoli collapsed and the 
normal architecture of the lungs was destroved. The reaction apparently 
reached its climax within the first few days following the introduction 
of the oil. It seemed to remain stationary for about one month, at 
which time it began to disappear. The process was, however, slow; 
three months after the introduction of the iodized oil, the “macrophage 
exudate” could be seen here and there, and droplets of oil could be 
detected. 

The capillaries of the lungs showed marked congestion for from 
one to two weeks after the operation when large doses of oil had been 
injected. But with from 2 to 4 ce. of oil in the pulmonary parenchyma 
the congestion was ephemeral, lasting one or two days only. The 
endothelium of the capillaries showed possibly slight swelling, but no 
proliferation. In a few instances, a drop of oil could be found in the 
cytoplasm of these cells. At times, droplets of oil could be seen inside 
the lumen of a capillary. 

The bronchi showed slight increase in secretion but no proliferation 
or desquamation. There was some increase in the lymphoid tissue, 
particularly around the vessels and the bronchi. 

Interpretation of the Histologic Picture —The oil stirs up a reaction 
confined to the cells lining the pulmonary alveoli, which are commonly 
designated as respiratory epithelial cells. These cells, when activated 
by the introduced oil, begin to swell, taking on an epithelial aspect. They 
phagocytose the oil with avidity, storing it in their cytoplasm as coarse 
and fine granules. 

This part of the problem is therefore of interest in that it involves 
the question of the origin of the macrophages in the lungs and also of 
the nature of the cells lining the wall of the pulmonary alveoli. This 
subject has been treated by one of us at some length in a previous 
investigation on the effect of intratracheal injections of vital dyes.” 


17. Fried, B. M.: The Origin of Histiocytes (Macrophages) in the Lungs: 
An Experimental Study by the Use of Intratracheal Injections of Vital Stain, 
Arch. Path. 3:751 (May) 1927, 
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Suffice it to say that the present study with iodized oil is in complete 
agreement with the conclusions previously drawn from the investigation 
with the vital dves. It may be stated: (1) that the phagocytes found in 
the pulmonary alveoli are histiocytes or macrophages; (2) that the bulk 
of the macrophages originate from the cells lining the alveolar wall, 
and (3) that these cells are to all appearances not epithelial but of 
mesenchymal origin and ought to be regarded as cells of the reticulo- 
endothelial apparatus (macrophage apparatus). If, then, one is to sup- 
pose that the lungs are provided with a ferment splitting or destroying 
iat (lipolysis and lipodieresis) as stated by Roger and his associates, 
t ought to be sought, not in the capillary endothelium (Roger and 
inet) but in the local macrophage apparatus. 


SUMMARY AND CONCLUSIONS 
lodized oil injected into the lungs of cats by way of the trachea is 
well tolerated when the amount does not exceed 1.5 ce. per kilogram 
i! the animal’s weight. 

The oil remains in the lungs for long periods; in a number of cases, 
inimals killed four months after injection showed the presence of this 
substance in the air sacs. 

In a few instances, iodized oil was injected into the lungs of cats 
with a respiratory infection (snuffles). These animals got rid of the 
oil much quicker than the healthy cats. This may be explained on the 
supposition that the animals with “snuffles” squeezed the oil from 
the lungs into the pharynx by sneezing, from whence it was swallowed. 

The pulmonary reaction stirred up by the oil in the lungs is confined 
to the cells “lining” the alveolar wall, commonly spoken of as the 
respiratory epithelial cells. These cells, being normally macrophages in 
a resting state, transform themselves under the influence of the intro- 
duced oil into wandering phagocytes devouring the oil and storing it in 
their cytoplasm as fine and coarse granules. These cells likewise 
proliferate, forming large cellular masses resulting in localized destruc- 
tion of the normal pulmonary structure. 

In none of the forty-four cats used did the iodized oil lead to 


sclerotic changes in the lungs. 


Book Reviews 


Dir KAROTISSINUSREFLEXE AUF HERZ UND GEFASSE, VoM NorRMAL-PHysIOLo- 
GISCHEN, PATHOLOGISCH-PHYSIOLOGISCHEN UND KLINISCHEN STANDPUNK1 
By Dr. H. E. Hertnc, Professor der Normalen und Normalen und Patho- 
logischen Physiologie an der Universitat in Koln A. RH. Price, paper, 
9 marks; bound, 10.50 marks. Pp. 150, with 45 illustrations. Dresden and 
Leipzig: Verlag von Theodor Steinkopff, 1927. 

This monograph is a summary of the studies published in various medical 
journals and scientific archives during the last few years by the author and 
his co-workers on the mechanism of the slowing of the heart on the pressurc 
of the carotid arteries in the neck. Previous to the work done by Dr. Hering 
it had been generally assumed that the slowing of the heart after pressure on 
the carotid artery was due to direct pressure on the cardio-inhibitory fibers 
of the vagus nerve. Dr. Hering seems to have shown that the vagus trunks 
in the neck are resistant to mechanical stimulation, and that the phenomenon 
mentioned is due to a specific reflex. The focus for the sensory nerve dis- 
tribution of the reflex is in what Dr. Hering calls the “carotid sinus,” that 
is, the enlargement of the carotid at the point of division of the internal and 
external carotid arteries. This region of the artery is supplied by the sensory 
nbers from the glossopharyngeal nerve, and the stimulation of these sensory 
fibers causes reflex inhibition of the heart, as well as lowering of the blood 
pressure. Dr. Hering has shown that this mechanism is in tonic activity, 
that is, if the ninth nerve is sectioned, or if this so-called “carotid sinus” is 
completely denervated, the heart becomes permanently accelerated. It would, 
therefore, seem that this new mechanism is a part of the well known depressor 
system, the sensory end of the reflex being distributed mainly in the ventricles 
and in the aorta. 

Dr. Hering extended his experimental studies into the clinical field, and 
presents some evidence that in hypertension and in sclerosis of the arteries the 
reflexes from the carotid sinus to the heart and vasomotor center are modified. 

Students and practitioners interested in the physiology and pathology ot 
the vascular system may peruse the monograph with profit. 


A Text-Book or Mepictne. By 130 American Authors. Edited by Russell L. 
Cecil, M.D., Assistant Professor of Clinical Medicine, Cornell University, 
Medical School, New York. Price, $9. Cloth. Pp. 1,500, with illustrations. 
Philadelphia: W. B. Saunders Company, 1927. 

This book should prove especially acceptable to students of medicine, since 
most of the contributors are teachers in university medical schools. The 
book is easily the equal of any, and it is superior in many respects to most 
of the textbooks of a single volume prepared by one author. This is true in 
part, because, as the editors state, the rapid growth of medical science during 
the last few years has made it almost impossible for one person to master 
the entire field. It is safe to predict the wide use of this text in medical 
colleges. Physicians will find it an authoritative and up-to-date work, pre- 
senting in concise manner material that would otherwise be available only in 
bulky systems of medicine. 

Each disease or group of diseases is discussed by a writer particularly 
interested in that subject. There are 130 American contributors, each of whom 
is a student or investigator of the subject on which he has written. The general 
sense of proportion as regards relative space for the presentation of the various 
diseases is preserved. From a conservative standpoint practically all conditions 
worthy of mention are included. In a treatise of this scope minor omissions 
are unavoidable; for example, massive collapse of the lungs has not been 
described. The final section on disorders of the mind is a timely addition. 
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Particularly to be commended is the inclusion, after most of the articles, of 
important references concerning the various subjects. 

This well planned and well written textbook is strongly recommended to 
students and practitioners. 


\MepicAL DEPARTMENT OF THE UNITED StaTES ARMY IN THE Wortp’s War, 
Volume 6. Sanitation in the United States, by Cor. W. P. CHAMBERLAIN, 
M.C. Sanitation in the American Expeditionary Forces, by Lieut. Cor. 
Frank W. Weep, M.C._ Price, $3.25. Washington, D. C.: Government 
Printing Office, 1927. 

This volume contains a great deal of information of interest to the practicing 
hysician, to those interested in sanitation and to epidemiologists. The entire 
roblem of sanitation as carried out in the World War is given in detail. This 
icludes selection of camp sites, housing, food, disposal of garbage and sewage, 
ater supply, control of flies, mosquitoes and vermin, hospital isolations, physical 
xaminations for detection of disease in its incipiency, and other problems. 

A chapter is devoted to the influenza epidemic of 1918, showing the rapidity 
vith which disease spreads and the futility of attempts to control it. 

The rations of various organizations and changes from time to time are 
iscussed in detail. The rations of the United States army are compared with 
hose of the English, German and French armies. 

It is impossible to give in a brief review an insight into the great work done 
y the Department of Sanitation. It is a valuable record of what was done by 
his department during the World War. 


PsycHorocy or MentAt Dtsorpers. By ABRAHAM Myerson, M.D. 
Price, $1.40. Pp. 135. New York: The Macmillan Company, 1927. 


This book is written primarily for intelligent, nonmedical readers and aims 
» give the main facts about mental disease. The author says that the publicity 
‘iven to physical diseases has, in large part, done away with many of the 
misconceptions regarding such matters as diet, infectious diseases, tuberculosis, 
cancer and the like, and adds: “Partly because psychiatry as a branch of 
medicine has not achieved the scientific status of the other specialties, partly 
hecause the treatment of mental diseases is far from satisfactory, the program 
called mental hygiene has lagged behind in results and in organization, though 
much valiant work is being done in this direction. It is the province of this 
book to dispel, insofar as I am capable of doing so, some of the popular 
ignorance on this subject.” He points out that the term insanity is legal and 
arbitrary, and divides the mental diseases in two main groups, the major 
mental diseases, or psychoses, and the minor ones, the psychoneuroses, such 
as hysteria and neurasthenia. The discussion of the psychoneuroses, partic- 
ularly, is highly recommended as lucid, fascinating and most sane and sensible. 
Even physicians who consider themselves thoroughly familiar with the subject 
will profit by reading Myerson’s chapters. Mental deficiency, crime and heredity 
are also discussed in a masterly manner. In short, the book is valuable, and 
because of its conciseness and brevity, it can be read in a few hours. 


City ADMINISTRATION. By Cart E. McComps, M.D. Price, $5.50. 
Pp. 511. New York: The Macmillan Company, 1927. 


This book is divided into three parts: (1) municipal health functions; 
2) organization and administration of preventive functions of sickness, and (3) 
organization and administration of treatment functions of sickness. In the 
language of the author, it is designed to be most useful to the person without 
professional training or experience, whether he is a teacher or student of 
government, a public official or a man in the street who wants to know what 
health benefits he should receive for his tax payment. 

Dr. McCombs presents an analysis of city health administration which 
should adequately meet the needs it aims to supply. It does not make any 
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pretense to technical authority, but presents the essentials in the health field, 
at all times stressing an educational feature. 

This book should be read by students of public health, particularly public 
health administrators, as it contains comparative data which are of value. 

Too much emphasis, however, is placed on one large department of one 
large city. A comparison of the standards of a group of cities would have 
been better. 

A selected bibliography is presented which, apparently, is fairly representa- 
tive of the particular subjects treated. 


DISEASES OF THE SKIN. By JAMeEs H. SeQuerra. Ed. 4. Price, $10. Pp. 644; 
56 plates in color, and 309 text figures. New York: The Macmillan Company, 

1927. 

It is unfortunate that in the revision of this generally excellent work, a 
systematic treatise on diseases of the mucous membranes was not included. 
That would have made it much more helpful to the student and general prac- 
titioner for whom it is intended. Other changes are needed such as more 
adequate description of many important lesions, as syphilitic condylomas. 
Leukoplakia, for instance, is casually mentioned and pictured with syphilis, 
leading to the incorrect inference that it 1s a lesion of that disease. The great 
importance of the search for Sptrochaeta pallida in the diagnosis of primary 
syphilis is not sufficiently stressed. 

On the other hand, the book is well written, largely from the author's 
own experience, and the illustrations, for the most part original, are excellent. 
The work of the printer has brought them out to the best advantage. The 
bibliography is select, and it is gratifying to find that American work has not 
been overlooked. The addition of much new material, largely on tropical 
diseases brings the work much more nearly down to the minute than is usual 
with textbooks. The author is to be congratulated on the increasing success of 
his etiologic classification. 


LecTURES ON INTERNAL Mepicine. By KNup Faser, M.D., Professor of Internal 
Medicine University of Copenhagen, Denmark. Cloth. Price, $3. Pp. 147, 
with illustrations. New York: Paul B. Hoeber, Inc., 1927. 

During 1926, while on a tour through the United States, Professor Faber 
lectured before many medical societies and schools. The four chief lectures 
are presented in book form and are well illustrated. The addresses given 
here were as follows: “The Etiology and Pathogenesis of Achylia Gastrica,” 
the Hatfield Lecture delivered at the College of Physicians in Philadelphia; 
“The Intestinal Origin of Pernicious Anemia,” presented before the American 
College of Physicians at Detroit; “Benign Glycosuria,’ the Herter Lecture at 
Johns Hopkins University and “Historical Outline of Medical Therapy,” Harvey 
Lecture, given before the New York Academy of Medicine. 


PRACTICAL LECTURES ON THE SPECIALTIES OF MEDICINE AND SURGERY. Delivered 
Under the Auspices of the Medical Society of the County of Kings, 
Brooklyn, New York. Second series. 1924-1926. Cloth. Price, $7. Pp. 590, 
with 110 illustrations. New York: Paul B. Hoeber, 1927. 


As indicated in the title, this work is an extension of the first series of 
practical lectures which were published in 1925. They cover a wide range 
of subjects of interest to all medical men. Each lecture is complete in itself, 
and represents the present day knowledge and opinion of each subject dis- 
cussed; they were delivered chiefly by physicians and teachers of prominence 
in the New England states. Numerous illustrations enhance the value of the 
work. There is every reason to predict that this series of lectures will be 
received with as great enthusiasm and commendation as was the first series. 
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